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Water and Electric Current for Poplar Bluff 


Missouri 


Crry Instautyts ELectric GENERATORS 


DRIVEN BY UNAFLOW ENGINES IN MuNICIPAL PLANT 


ITH ITS HEAD WATERS in the Iron 
Mountains of Missouri, the Black River 
increases rapidly in size, attaining at 
Poplar Bluff, a stream of considerable 
proportions. The water is clear and 
sparkling, free from the contamination 
of city sewage and as healthful for 

domestic use as can be had from a surface source. 

Citizens of Poplar Bluff years ago recognized this natural 

















became evident that greater economy could be main- 
tained if the city were equipped to supply its own 
current for street lighting with what additional load 
could be secured from residences and commercial houses, 
even considering the existence of a competing central 
station. 

After a lively political campaign, necessary and usual 
with cities of this size where the expenditure of con- 
siderable money is involved in a new enterprise, the 





Fig. 2. 


source for their water supply, and have operated a 
municipal pumping plant these many years. This plant 
was steam driven and a paying investment for the 
municipality. 

A few years ago, the growing city made demands 
upon the plant equipment which could not be met, so 
additional pumping machinery was installed. . Then it 


GENERAL VIEW OF THE ENGINE ROOM 


required bonds were voted, specifications drawn and bids 
received two years ago. An entire new building has 
been erected covering three times the space of the origi- 
nal plant. The new building is entirely of brick and 
stéel with red tile roof, flashings and gutter are of cop- 
per and window sashes of steel. A three-ton hand 
operated crane is installed in the engine and pump room. 
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Two generating units with auxiliary equipment have 
been installed, and since last spring uninterrupted serv- 
ice has been furnished. 


STEAM GENERATION 


In THE boiler room are two O’Brien water tube 
boilers of 150 hp. capacity each, with space allowed for 
another boiler of 300 hp. capacity. Original plans called 
for the installation of this new boiler, but such attractive 
guarantees were secured from the engine builders that 
the boiler installation was deferred and by careful 
management it has been demonstrated that until the load 
has been increased considerably, the present boiler equip- 
ment will furnish ample steam. 





Fig. 1. POPLAR BLUFF PLANT AS SEEN FROM ACROSS THE 
RIVER 


These boilers are operated at 150 lb. pressure and 
are equipped with Hawley down-draft furnaces. At 
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present Illinois mine-run coal is used, which comes to 
the plant in cars switched onto a private track by the 
side of the plant. Space for coal storage is in front of 
the boilers; the handling of coal and stoking is all done 
by manual labor. 

Feed water is taken from the hot well of the con- 
densers supplemented by makeup water from the warm 
condensing water; this all goes through a 2500 lb. per 
hour Cochrane V-notch recording meter. The boiler 
feed pumps, of which there are two, take the water from 
the meter and pass it through a 600-hp. closed heater to 
the boilers. 

PumpPine ENGINES 


ALL PUMPING equipment is located in a pit in the 
engine room which gives to the pumps a suction head of 
10 ft. 6 in. The suction pipe from the river is 12 in. 
and supplies water to three pumps; two of these are 
Worthington tandem compound, duplex plunger type 
pumps, 10 and 16 by 814 by 10 in., each having a rating 
of 350,000 gal. per 24 hr. The other is a cross-compound 
condensing plunger type, Laidlaw-Dunn-Gordon pump 
with flywheel; its dimensions are 12 and 24 by 10 by 
18 in. with a capacity of 2,000,000 gal. in 24 hr. The 
vacuum maintained in this condenser is 28 in., the con- 
denser being built into the suction line so that the water 
is drawn over the coils and is then pumped into the 
mains. On account of the quantity there is no per- 
ceptible rise in temperature of the water. The head 
pressure carried on the pumps is 70 lb., a standpipe being 
used to take care of minor fluctuation in demand. 


ELEcTRICAL EQUIPMENT 


THE PRINCIPAL new equipment of the plant is the 
generating units, their condensers, the switchboard and 
their auxiliaries. These units each consist of a 225-kw., 
at 90 per cent power factor, General Electric Co., a.c. 





FIG. 8. VALVE GEAR SIDE OF GENERATING UNITS 
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generator delivering three-phase current at 2300 v., 60 
eycles, direct-connected to a Skinner Universal Unaflow 
engine with cylinder dimension 21 by 22 in. and run 
at 200 r.p.m. The engines are of the standard type 
which operate either condensing or noncondensing with 
small clearance, and there is no change in the engine to 
accommodate itself for the changed exhaust pressure 
condition except the automatic change taking place by 
which the auxiliary exhaust valves are thrown in or 
out of operation. - Details of. this valve gear are 
described in another article in this issue. 

Two eccentrics are employed for operating the valves 
of this type engine. A plain fixed eccentric operates the 
auxiliary exhaust valves when the engine is running 
noncondensing as explained in the article referred to, 
while the steam valves are operated from the eccentric 
pin of the flywheel governor. This gear is capable of 
operating at comparatively high speeds at the same time 
eliminating the side pull of the cam against the valve 
stem when the valve is being raised. The admission gear 
consists of one rocker arm, with casehardened removable 
steel cams which dip into an oil bath and control the 
operation of the valves by means of forked levers or 
lifters, on which are mounted casehardened rollers 
bearing against the cams. The formation of the cam 
is such that the roller is always in contact with it, which 
results in a quiet lifting and seating of the valve even 
at high speeds. The adjustment of the valve, cam and 
lifter is made by one set screw located above the lifter 
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and can be made while the engine is in operation. The 
spring is mounted in the housing but not in the steam 
space. Labyrinth or water-groove packing is used, which 
will maintain its steam tightness without attention 
indefinitely. 


FIG. 4. CROSS SECTION ADMISSION VALVE GEAR 
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FIG. 5. PLAN AND ELEVATION OF POPLAR BLUFF MUNICIPAL PLANT 
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Another special feature of the engine is the self- 
expanding poppet valves employed. . The upper part of 
this valve is not rigidly connected to the lower part, but 
allows an expanding and telescopic action and comes 
in contact with its seat shortly before the lower part 
with the result that both seats make steam-tight contact 
irrespective of the difference in expansion of the cylinder 
and the valve metal. The telescopic action is never more 
than 0.003 or 0.004 in., and steam tightness between the 
two elements of the valve itself is obtained by the 
peculiar construction of the steam spring metal packing 
rings. The spring between the valve stem nut and the 





FIG. 6. CONVENIENTLY ARRANGED AND ADEQUATELY 
EQUIPPED SWITCHBOARD IN POPLAR BLUFF PLANT 


upper part of the valve is not essential to the operation 
of the valve, its function being to serve as an elastic 
stop. 

Each engine is provided with a gravity system of 
automatic lubrication consisting of a filter, oil and water 
separator, piping, pump and sight feeds. The recipro- 
eating parts of the engines are surrounded by oil shields 
which prevent any oil reaching the exterior of the 
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engine. Four feed pipes carry the cylinder oil from a 
Hills-MeCanna pump to the cylinder, the points of 
application being one at each steam valve and two near 
the center of the cylinder. 

Both generating units are placed on one foundation 
which contains 110 tons of concrete. By this arrange- 
ment, either unit when being operated separately is given 
double foundation support with the result that no vibra- 
tion is apparent. 

Serving each engine is an Alberger surface condenser 
of the horizontal type located in the tunnel just beneath 
the engines. Each condenser has a surface of 600 sq. ft., 
and beneath the shell is a 6 by 10 by 10 by 12 in. single 
cylinder steam driven, combined air and circulating 
pump. Each is designed to condense 5000 lb. of steam 
an hour and maintain a vacuum of 26 in., that is 4 in. 
absolute pressure, with circulating water at 80 deg. F. 
(27 deg. C.) 

Separate excitation is supplied either by a motor 
driven G. E. unit consisting of a 25-hp. induction motor 
and a 15-kw. d. ec. generator run at 1800 r.p.m. on 
3-phase currents at 2200 volts, furnishing exciting cur- 
rent at 125 volts, or by a 15-kw. Kerr-American turbine 
driven unit run at 3600 r.p.m. 

For the control of current distribution, an eight 
panel switchboard is installed; this is made up of two 
generator panels, two exciter panels and four distribut- 
ing panels. Besides the regular equipment of switches, 
circuit breakers and measuring instruments, the switch- 
board has mounted upon it a three-point electrolytic 
ground detector, a synchroscope and a Tirrill voltage 
regulator. 

For the street lighting currents, constant current of 
6.6 amp. is furnished, three, 15-kw., constant current 
transformers being installed for regulating the current 
from the 2300-volt primary circuit. 

Credit is due the Fuller-Coult Co., of St. Louis, for 
the engineering work connected with the selection and 
installation of the machinery and the reconstruction of 


the plant. 


Valve Gear of Uniflow Engines 


MetHops EMPLOYED TO OPERATE VALVES FOR 
CONDENSING AND NONCONDENSING ‘TYPES 


advantages of the uniflow engine under certain 

conditions as compared to the counterflow type. 
It is here proposed to direct attention to the details of 
the cylinder construction and valve operation of various 
uniflow engines. 

Because of the fact that the steam consumption curve 
for various loads is comparatively flat, this type of 
engine is particularly suited for fluctuating electric and 
power loads and for rolling mills. One of the largest 
yet constructed, is a 44 by 50-in. uniflow engine which 
was installed for rolling mill service at the Youngstown 
Sheet & Tube Co. It was designed to operate condensing 
with a vacuum from 20 to 24 in., a normal steam pres- 
sure of 170 lb. gage, 75 deg. superheat, run at from 65 
to 110 r.p.m., and have a maximum brake horsepower 


of 2100. 


sang articles have discussed the economy and 


Poppet Type INLET VALVES 

APPARENTLY the principal difference in the present 
commercial types of uniflow engines is in the arrange- 
ment of valves, valve gear and methods of adapting 
the engines to condensing and noncondensing conditions. 
Inlet valves may be of any type, such as poppet, Corliss, 
piston, or slide, but are usually of the poppet type, due 
to the quick opening and closing features and adapta- 
bility to high temperatures. Tightness of the inlet 
valves, under all conditions of load and temperature, is 
quite necessary, as compression in uniflow engine ex- 
tends over about 90 per cent of the stroke, and any 
leakage will require more power for compression. To 
insure tightness, the poppet valves are usually of the 
balanced type and made either with the seats expanding 
at the same rate as the valve body or constructed in 
such a manner that the parts of the valves are separate 
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and self-adjusting. Operation of poppet valves is 
secured either by cams connected through bell cranks 
or straight rods to the eccentric on the main shaft or 
directly by cams mounted on auxiliary ‘shafts parallel 
to the travel of the piston. 


UnirLtow ExHaust 


EXHAUST STEAM is commonly discharged through a 
ring of ports encircling the middle of the cylinder, the 
ports being uncovered by the movement of the cylinder 
piston during its travel. The provision of a number 
of ports gives an area for exhaust which is several 











FIG. 1. SECTION OF SKINNER UNAFLOW CYLINDER 


times that obtained with other forms of valves, giving 
a rapid lowering of the cylinder pressure to exhaust 
pressure. This is quite necessary because the duration 
of the exhaust is less than in the counterflow engine. 
‘To reduce the amount of steam being compressed 
when operating noncondensing, auxiliary exhaust valves 
are sometimes provided, which, if operated by the valve 
gear, are of the poppet type but are not balanced as 
they are opened only when the pressures on the 2 sides 
are equal. Auxiliary exhaust valves which operate inde- 
pendently of the valve gear increase the clearance vol- 







FIG. 3. SECTION OF AMES UNIFLOW CYLINDER 


ume or eject steam should the compression become 
excessive. 

Low initial pressure or high back pressure requires 
greater clearance in uniflow engines, and in order to 
obtain compression equal to the initial steam pressure, 
a smaller volume of steam is required for noncondensing 
operation than for condensing, owing to the difference 
in the densities of the steam. Consequently, a non- 
condensing engine must have more clearance or the 
amount of compression must be reduced. Uniflow 
engines having a fixed low clearance are equipped with 
auxiliary valves to delay the point at which compres- 














sion begins. In another type, clearance pockets are 
provided in which the additional steam can be com- 
pressed and thus prevent excessive pressure. To give 
more clearance, engines built for noncondensing service 
are often fitted with pistons having cupped or concave 


heads. 
SKINNER UNAFLOW ENGINE 


ADMISSION VALVES of this engine are opened by the 
action of the enclosed rocker arm located over the mid- 
dle of the cylinder, as shown in Fig. 1. The ends of 
this rocker arm are fitted with removable case-hardened 
steel cams, which dip into an oil bath and control the 
operation of the valves by means of forked levers or 
lifters, on which are mounted case-hardened rollers bear- 
ing against the cams. The design of the cam is such 
that the roller is always in contact with it. 

Adjustment of the valve, cam and lifter is made by 
raising or lowering the set screw located directly above 


the lifter. 















































Fig. 2. GEAR FOR SKINNER AUXILIARY EXHAUST VALVE 


Shown in Fig. 2 is a section view of the auxiliary 
exhaust valve gear. A is the shaft supporting idler B, 
which is operated by shear cam C. Cam C is operated 
by the engine valve gear which is connected to shaft D 
on the outside of the cam box. When cam C raises 
idler B, the latter raises the single-seat exhaust valve, 
the stem of which projects within a short distance of 
idler B. The spring around the valve stem has only 
sufficient tension to secure quick closing when operating 
at high speeds. Pocket E is connected to the central 
exhaust port by means of a small pipe; and the function 
of the spring in this pocket is to keep the idler, through 
its attached shaft, in register with the stem of the valve 
and the cam, C, directly underneath. When the vacuum 
reaches a predetermined point, it overcomes the tension 
of the spring in pocket E, and draws the shaft into the 
pocket. This, in turn, shifts the idler to position B’ 
and out of register with cam C, so even though the cam 
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operates as before it cannot lift the valve. Thus, the 
exhaust valve remains closed at all times when vacuum 
exists in the exhaust pipe, and is kept tightly closed by 
the cylinder pressure acting on top of the valve. 
Bridge F acts as a slide and rest for the idler, and 
holds it at the proper height, so that if the vacuum 
fails, the spring, by asserting its force in pocket E, will 
slide the idler between the cam and valve stem, where- 





FIG. 4. BONNET AND VALVE OF AMES ENGINE 


upon the auxiliary exhaust valve begins its functions, 
and the engine automatically becomes a noncondensing 
engine. 

Ames-Stumpr UNIFLOW ENGINE 


IN THE OPERATION of this engine, steam is admitted 
to the cylinder by a double beat poppet valve shown 
in Fig. 4, which is lifted by a roller in the sliding bar 
when it comes in contact with the lifting cam. Closure 
of the valve is effected by the spring in the top of the 
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FIG. 6. YORK UNIFLOW ENGINE CYLINDER FIG. 7. VARIABLE ECCENTRIC FOR CONTROLLING COMPRESSION 


bonnet, the lower end of the spring resting on top of a 
circular crosshead to which the lifting cam is rigidly 
bolted. : 

Engines furnished for condensing operation are 
equipped with automatic bypass valves, as shown in 
Fig. 5, to prevent undue compression in the cylinder 
resulting from a loss of vacuum. These valves are. 


operated automatically, when the vacuum is partially 
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or totally lost, by existing conditions in the exhaust 
chamber of the engine, these conditions being communi- 
cated to the valve piston through a small pipe counec. 
tion. By means of a lock-nut adjustment the tension 
of the spring may be varied so that the valve will oper- 
ate at any desired degree of vacuum. 
York UNIFLOW ENGINE 

SupportTep by long spindles and guides, the steam 

valves of this engine are placed in a horizontal position 


7 —s a a tl 





FIG. 5. SECTION THROUGH AUTOMATIC BYPASS VALVE 


and operated by oscillating levers provided with rollers 
and curved cam pieces attached to the valve spindles. 
Oscillating levers for both valves are mounted on a single 
shaft which receives its motion from an eccentric mount- 
ed on the lay shaft. This lay shaft runs alongside the 
engine and is driven from the main shaft, through a 
drag crank and shaft, by means of spiral gears. 


LCCENTAIC FOR 
STLAI VALVE GEAR 





HAND ADSUSTIVENT OF EXHAUST 
LCCENTHIC CONTROLLING COMPRESSION 
FOR? ALL ANO ANY OPERATING COND/T/ON 


j FIG.-7 


Different load conditions are met by the use of a 
compound eccentric operating the steam valves. A small 
eccentric is keyed to the shaft and a larger one which 
may slide on the shaft is connected to and controlled 
by the shaft governor. By the shifting of the large 
eccentric, the combined eccentricities become such that 
a virtually constant lead is maintained, while the throw 
increases according to the load requirements. 
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Being completely balanced, the shaft governor con- central ring of ports when uncovered at the end of the 


sists of 2 pendulums which by means of short arms 
shift:a sleeve mounted on the shaft. This sleeve is con- 
nected to and shifts the large eccentric. A hand speed 
adjustment is provided which allows a change in the 
speed while the engine is in operation, an increase of 
50 per cent being possible. 

To regulate the degree of compression according to 
the operating conditions, auxiliary exhaust valves of 
small diameter are provided which are operated similar 
to the steam-admission valves, except that in this case 
the eccentric is arranged on a slide block which is keyed 
to the shaft. By setting the slide block in such a posi- 
tion relative to the eccentric and steam-valve gear that 
the auxiliary exhaust valves begin to open at the same 
predetermined point, say approximately at dead center, 
the eccentric can then be moved either automatically or 
by hand into any position on the block to secure closing 
of the valve at any point of the stroke. Instead of hav- 
ing the eccentric controlled by a governor, a shifting 
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FIG. 8. SECTIONAL VIEW OF C. & G. COOPER UNIFLOW 
CYLINDER 


device operated by hand while the engine is in operation 
is provided, as shown in Fig. 7, making it possible to 
move the eccentric to any position and thus obtain any 
desired degree of compression. 

The valve spindles are lubricated by means of forced 
lubrication which passes oil along the spindle through 
spiral grooves, onto the guide and then into the steam 
space. Ground into long bushings, the spindles are also 














piston stroke. 

Figure 9 shows a 19 by 30-in. uniflow engine of this 
type on the erecting floor. Mounted on the cylinder is 
a bell crank actuated by an eccentric through the ordi- 
nary eccentric and connecting rods and rocker arm. The 
latching or hooking-up operation of the valves is per- 
formed by a pick-up plunger, through the action of 
gravity, no springs being employed. 

Cutoff is controlled by the action of a governor 
through rods to the knockoff cams. 

Norpsera UNIFLOW ENGINE 

Figure 10 shows the longitudinal and cross sections 

of the Nordberg uniflow engine fitted with poppet valves. 








FIG. 9. ©. & G. COOPER UNIFLOW ENGINE ON ERECTING 
FLOOR 


Positive opening and closing of the valves is secured 
by means of cams operated by eccentrics which are 
mounted on a lay shaft geared directly to the main shaft. 
The steam valves are of the double beat type and seat 
in removable cages which are ground steam tight into 
the cylinder head castings. 

Located between the eccentrics on the lay shaft is a 
governor of the inertia and centrifugal type, which con- 
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FIG. 10. LONGITUDINAL AND CROSS SECTIONAL VIEWS OF NORDBERG UNIFLOW ENGINE 


provided with labyrinth packing consisting of small 
circular grooves. 
C. & G. COOPER UNIFLOW ENGINE 


- 


THIS ENGINE is equipped with an improved Corliss 
gravity releasing valve gear for the steam admission 
valves, the exhaust steam being discharged through the 


trols the cutoff of the steam valves by varying the effec- 
tive throw of the eccentrics. 

Adjustable cataract relief valves, located at the bot- 
tom of the cylinder, automatically relieve the compres. 
sion in case the vacuum is lost. The steam is compressed 
into the jacket space and main steam piping connected 
to the boiler. 
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Power Plant Instruments as an Investment---I 


How Far Doss rt Pay To Go IN THE PURCHASE OF INSTRUMENTS TO 
SHow OPERATING CONDITIONS IN THE POWER PLANT? By M. A. SALLER 


past 10 years in connection with the development 

of indicating, recording and metering instruments 
for power plant work, until at the present time the great 
number and variety of instruments advocated as desir- 
able for increasing plant efficiency, or preventing losses 
of different kinds, makes it quite a problem for the 
engineer to decide just how far he should go in the 
investment of funds in this equipment. 

Some idea of the number of different kinds of indi- 
cators, recorders, gages, meters, etc., available at the 
present time in fully developed and workable form can 
be had from the following partial list : 

Thermometers for recording and indicating tempera- 

ture. 

Gages for indicating and recording pressures and 
vacuums. 

Flow meters for measuring steam and air. 

Meters for measuring water. 

Weighers for automatically weighing coal and ashes. 

Indicators for visualizing the work in the engine 
cylinder. 

Draft gages for indicating draft and differential 
pressures. 

Boiler efficiency meters for giving a check on the 
overall efficiency of the boiler unit. 

Speed indicators and tachometers for showing the 
speed of shaftings, engines, machinery, motors, 
ete. 

Counters for registering number of movements, ete. 

Calibrating machines for checking and testing ther- 
mometers. 

Gage testers for testing and checking gages. 

Calorimeters for ascertaining the quality of steam. 

Calorimeters for testing heat value of coal. 

Planimeters for measuring areas, record charts, etc. 

Electrical meters for measuring voltage, current and 
power. 

Pyrometers for high temperature observations. 

Flue gas analysis apparatus. . 

Log-book for collating data obtained, ete. 

While it will be admitted that some of the instru- 
ments mentioned above could be installed to advantage 
in almost every power plant, it is, ofcourse, obvious that 
the expenditure for the instruments, and the care and 
attention required in looking after them, would not be 
warranted in every case, and since all of these appurte- 
nances cannot be purchased and used, it becomes a nice 
question for the engineer to decide which of them can 
be used to best advantage; i.e., which could be made to 
pay the largest return on the investment, taking in 
account safety, economy, increased production and im- 
proved working conditions. 

In considering the purchase of any power plant 
recording, indicating or metering appliance, it should 
be borne in mind that the instrument is merely a means 
to an end, and that the instrument and the records it 
produces will not in themselves improve or better oper- 
ating conditions; but these records should serve as evi- 
dence by which the engineer is guided in investigating 


(hg strides have been made during the 


and attempting to remedy conditions that are at fault. 

For instance, if a feed-water meter shows that the 
evaporation of the boilers is only 5 or 6 lb. of water per 
pound of coal, the instrument only becomes a good 
investment and the information rendered valuable when 
the engineer and fireman, prodded by the poor showing 
made, endeavor to locate the causes and reasons why 
the evaporation is not up to 9, 10 or 11 lb. of water 
per pound of coal, as it should be. In other words, the 
purchase of an instrument merely to produce charts and 
records, and figures to be set down in a log book never 
to be used intelligently in checking the efficiency and 
improving the economy of the plant, is not a good 
investment. 

Hence, the purchase of any metering or recording 
device is not warranted and justified unless the co- 
operation of the plant operators is secured in making 
daily use of the records and information obtained. As 
stated above, the instrument is merely a means to an 
end, a link in the chain which helps bring up efficiency 
and output. Without the co-operation of the engineer 
and the use of proper equipment, the installation of 
all sorts of indicating, recording or metering devices 
would be of no avail in bettering efficiency or increasing 
capacity. 

The ‘‘ personal element’’—the ability and faithfulness 
of the men who operate the plant—is, after all is said 
and done, the most vital and important factor in con- 
nection with the economical and efficient operation of a 
plant. If the operating force does its work carefully, 
conscientiously and completely the need and necessity 
for many types of instruments is overcome; but in the 
great majority of plants the incompleteness of the staff, 
their incompetency or carelessness, makes it necessary 
to install equipment which will serve to act as a tell-tale 
or check upon the work which they have done or have 
to do. It is for this reason that in the large plants 
where a greater number of men have to be depended 
upon, and where the sense of responsibility covering the 
entire operation of the plant is not as deeply engrossed 
as where one or two men are in complete charge, the nec- 
essity for a more complete range and equipment of in- 
struments is more necessary than in the smaller plant. 

The nature of the equipment installed in the larger 
power stations—equipment that often has its efficiency 
seriously impaired by any change in operating condi- 
tions—makes it also more necessary to have a complete 
set of checking instruments to insure the most favorable 
operating conditions at all times. 

In the large plant the installation of recording, meter- 
ing and indicating instruments will also usually show a 
better return on the investment than the small plant. 
This for the reason that while the cost of the instrument 
for the large plant is usually not a great deal more than 
the cost of the instrument for the small plant, the possi- 
bilities for realizing savings are better; ie., an instru- 
ment installed in a small plant may effect a saving of 
say 3 per cent on the coal bill; in a large plant the 
saving may also be 3 per cent; but the actual saving in 
the large plant will be many times greater because of 
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the fact*that the coal bill in the large plant is a great 
many times larger than in the small plant. 


In selecting power plant instruments, preference 
should always be given to those that produce daily or 
weekly chart records of performance, because these 
charts can be filed away for future reference and record, 
and can be used at the end of the week or month for 
glancing back over the performance of the plant with a 
view to detecting any possible opportunities for improve- 
ment, any falling off in efficiency, ete. The plain index 
or indicating equipment is satisfactory and very accurate 
as far as it goes; but in order to secure a complete 
record, it is necessary to make frequent readings, and 
for these readings the operating staff must be relied 
upon. There is also the opportunity for errors in taking 
the reading and noting them on some form of data sheet, 
ete. With the index or indicating equipment also no 
record is secured as to the performance of the plant 
between the times that the readings are taken. Therefore, 
on all important instruments or meters it is highly advis- 
able to have the recording features. Most commercial 
instruments of today are provided with a combination of 
three features: a recording feature for producing a 
chart record; an indicator for giving the momentary 
load or reading, and an integrating device for enabling 
a total reading being taken for a period of an hour, 
or a day, or a week, etc., independent of the chart 
record. 

Very frequently it will be found on investigating 
the subject that the usefulness and success of one type 
of instrument will depend upon the employment of still 
another type of instrument; in other words, it is fre. 
quently necessary to use a complete set or combination 
of instruments for securing the ultimate result. 

Take, for instance, the record of the feed-water meter. 
A feed-water meter will give a graphic record of the 
rate at which the water is fed to the boilers, which will 
indicate the nature of the load on the boilers, when it is 
heavy and when it is light, whether the boilers are being 
fed regularly or spasmodically, ete.; but if it is desired 
to use the record of the feed-water meter in checking 
fuel consumption, it is also necessary to have a record 
of the quantity or weight of coal fired under the boilers. 
Then if it is desired to check against the quality of the 
coal, the matter of whether it is being completely con- 
sumed, the investigation should be carried further by 
means of the draft gage, Orsat apparatus, coal calorim- 
eter, etc. From the preceding, it will be seen that the 
farther it is desired to trace the exact behavior of the 
plant the farther on must be carried the chain of instru- 
ments and meters, all dependent to an extent on those 
before it. 

As a general rule, the average power plant instru- 
ment or meter is a fairly delicate and sensitive piece 
of apparatus, and for that reason it requires that good 
care be taken of it.- The instrument should not be 
installed and then allowed to shift for itself. Frequent 
inspections should be made to see that all parts are in 
operating condition, that all bearing surfaces are prop- 
erly lubricated, and that no moving parts are clogged 
with dust, dirt or grit. The vibration encountered in 
the average plant will frequently be sufficient to throw 
an instrument out of adjustment after a period of opera- 
tion, and hence it should be made a point to keep a 
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careful check on adjustments. Where a full comple- 
ment of instruments is installed, it will be found prof- 
itable to invest also in some auxiliary equipment for 
calibrating and checking these instruments to see that 
they are kept in good condition. Such auxiliary equip- 
ment includes gage testers, thermometer calibrating 
equipment, platform scale, weighing tanks, ete. 

As stated above, the information and records pro- 
duced by the various instruments should be preserved 
and filed for future reference, because this information 
is frequently of very considerable assistance. For in- 
stance, if it is found necessary to install increased boiler 
or engine or turbine capacity. A glance over the past 
record of the plant wiil reveal the manner in which the 
plant has been operated, the average load and overload 
carried, the ratio of increase in requirements, the overall 
efficiency obtained, and the operating conditions which 
can be maintained would all be of tremendous value in 
deciding upon the size and type of new equipment which 
should be used. 

For the purpose of preserving this data the Power 
Plant Log Book is a necessity. In it should be recorded 
all the data as developed by the various instruments 
and observations, the form and make-up of this book 
of course varying with every individual plant. 

It is usually most convenient to run one log covering 
the boiler room operation, giving data as to the coal 
consumption, boilers in service, water consumption, steam 
pressures, feed temperatures, factors of evaporation, etc. 
Then another log can be kept for the engine or turbine 
room, showing the number of units in operation, the 
capacity developed, the steam pressure, oil and supplies 
used, the load factor, ete. These sheets can be laid out 
in sueh form that they can be brought together in a 
book face to face to give the record of the entire day’s 
operation. Then at the end of the week or month a 
summary sheet can be worked out giving the factors, 
costs, ete., for the period in question. 

In order to determine what instruments will make 
profitable investments, study the log with the idea of 
determining where the most serious losses occur and 
what can be saved by maintaining good conditions. This 
will give a good idea as to the amount of money that 
ean be spent profitably for instruments, their care and 
upkeep. The instruments to install should indicate 
directly where the loss occurs and, to some extent, how 
much it is so that those in charge will have before them 
a continuous and immediate record of their work. If 
you have such instruments and the results are not up 
to standard, either the apparatus is at fault, or the men 
who operate it have not been properly instructed or do 
not follow instructions. 


AN EXAMPLE of a variable standard and the confu- 
sion that arises from lack of general agreement is found 
in the perch used for measuring stone work. The perch 
is legally defined in some of the older states as 2454 
cu. ft., but standard is not universal, as in some states 
it varies from 1614 through 20, 22, 25 to 27 eu. ft. 
In other states it is defined as equivalent to 2200, 2500, 
2700, 2800 and 3000 lb. The danger of using a variable 
standard like this is obvious, as contracting parties 
might have in mind entirely different conceptions of 
the value of the unit—Machinery. 
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Water or Coal? 


ITH increasing demands for coal due to intense 

manufacture to supply government needs; with 

transportation facilities taxed to the utmost; with 
labor shortage at the coal mines; with prices constantly 
rising, it would seem self-evident that wisdom demands 
the largest possible use of water power. This source 
does not exhaust our fuel beds, nor make demands on 
transportation lines or mine labor, and unless the energy 
available each minute is caught and utilized, it is gone 
beyond recall. 

Secretary Lane states that some 35,000,000 hp. of 
water power is as yet unutilized in this country, and 
allowing 1000 tons of coal a year for 125 hp. the wasted 
energy of the water is equivalent to 280,000,000 tons 
of coal a year. 

Besides the fuel store which might be saved, it is 
estimated that for each 1000 tons of coal mined, trans- 
ported and consumed in generating power, the labor of 
2.78 men is required for 1 yr., so that 738,000 men are 
required to handle the coal equivalent of the wasted 
water energy. Allowing that 40,000 men would be 
needed to care for the hydraulic plants, their use in 
place of coal power would release the labor of about 
700,000 men to be employed in other pursuits. Both 
fuel and labor savings are of the utmost importance, 
especially under present conditions. Approximately, 
one man would be released for each 50 hp. of hydraulic 
power put into service. 

As a matter of cost, while hydraulic power cost varies 
greatly with the cost of development and transmission, 
it is usually less than that of power developed from coal 
except in regions near the coal mines and remote from 
water power sites. And for many purposes, such as 
fixation of nitrogen from the air, and large electro-chem- 
ical processes, the tremendous amounts of power at 
low cost can only be obtained at points where large 
water powers are available. 

We are buying 600,000 tons of nitrates a year from 
Chile, but the beds are showing signs of exhaustion, and 
ships are lacking for bringing it. Even if we could 
continue to get that amount, it is not enough. Belgium 
used 450 lb. of fertilizer to the acre each year and got 
yields of 158 bu. of potatoes, 32 bu. of wheat, 47 bu. of 
oats and 30 bu. of rye. England uses 152 Ib. of fertilizer 
a year to the acre, but the United States uses only 28 Ib. 
to the acre and gets average yields of 96 bu. of potatoes, 
15 bu. of wheat, 29 bu. of oats and 16 bu. of rye. Ex- 
periments have proved that with larger amounts of 
fertilizer, 100 lb. to the acre a year, the crop yield in 
this country can be doubled. We need 18,000,000 tons 
of fertilizer a year to do it. 

Phosphates are to be had in the southern and western 
states; we are making progress in getting potash from 
seaweeds and other sources, but nitrogen can come only 
from the air by electrical fixation, and the United States 
is the only large industrial country that is not already 
operating plants for this purpose. We need 12,000,000 
hp. for nitrogen plants for fertilizers and explosives. 
Developing water power to this extent will cost $580,- 
000,000, but the gain in crops would be $2,000,000,000 


a year. 


As an example of power cost reduction, the Chicago, 
Milwaukee & St. Paul R. R. on its electrified division 
of 450 mi. in Montana is paying $550,000 a year for 
electric power as against a former cost of $1,750,000 for 
coal and has released for transporting merchandise one- 
third of its equipment which was previously used for 
hauling that coal. Butte, Anaconda & Pacific R. R. 
has also reduced its costs to $96,000 a year for electricity 
as against $270,000 a year for coal. 


A considerable portion of our undeveloped hydraulic 
power is in the western states, in forest regions where 
timber in great amounts is annually wasting to decay 
for lack of power to convert it into lumber. In 1915 
we imported 400,000 tons of wood pulp, while sufficient 
logs to have furnished it were rotting on western moun- 
tain slopes. 

Why are we not developing these resources? The 
answer is found in the present laws governing develop- 
ment of water power on government lands and navigable 
streams. Court decisions have established that at pres- 
ent a permit granted by any official for such develop- 
ment is revokable at the will of the Secretary of the 
Interior and without adequate compensation for expendi- 
tures made. Certainly nobody will invest in either 
stock or bonds of a water-power development company 
under such conditions. 

Bills are now before Congress intended to overcome 
these difficulties, while safeguarding the interests of the 
country and the states. In the Senate, the Shields and 
Walsh Bills deal respectively with ‘‘dams across navig- 
able waters and improvement of water ways’’ and with 
‘‘development of water powers and the use of public 
lands in relation thereto’’ respectively. In the House, 
the Small Bill pertains to ‘‘construction, repair and 
presentation of public works on rivers and harbors.”’ 

Each sets the duration of the permit to private occu- 
pation of water power development at 50 yr., the United 
States having the right at the end of that period to 
extend the permit, to grant permit to another party or 
to take over the improvement, compensation being made 


’ in the last two cases for actual value of the property 


taken over by the new grantee or the government. In 
ease of navigable streams, government engineers are to 
specify what locks, pools, fishways, ete., are to be pro- 
vided at the time the permit is issued, and no liability 
is incurred by the grantee for work during the life of 
the permit other than that so specified. Other clauses 
provide for payment by the grantee for use of public 
land, for benefits derived from headwater or other gov- 
ernment improvements, for control of charges, rates and 
service by commissions of the states where such service 
is rendered or, if that is not found possible, by the 
Interstate Commerce Commission. In rate making, the 
cost of construction of locks, pools, ete., for navigation 
is to be considered, but no allowance for value of rights 
under the permit. Diligence must be exercised in com- 
pleting the improvement and in putting it into opera- 
tion at such times as the Secretary of War may direct. 
Receipts for rents are to go to a special fund for main- 
tenance of dams and navigation improvements. 
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Permits issued in the past may be changed to conform 
to the new law, but such change does not release the 
grantee from any lawful obligations already incurred. 
And no grantee can in any way be constructed or oper- 
ated so as to form part of a trust or monopoly to limit 
output of electric energy or in restraint of trade. The 
bill does not apply to navigable streams wholly within 
a single state. 

The Walsh Bill gives control of rates and service to 
the state in which the service is given or, if in more 
than one state, to the Interstate Commerce Commission. 
Grant may be given for the use of public lands by the 
Secretary of the Interior, suitable compensation to be 
required of which half goes to the state in which the 
land is located and half to the Reclamation Fund. No 
charge is made where a state or a municipality is making 
the development nor for powers of 25 hp. or under, used 
for domestic, irrigation or mining purposes. Safeguards 
are provided by inspection of accounts and by revoca- 
tion of permit for breach of contract. 

In the Small Bill, provision is made for establish- 
ment of water powers in connection with government 
dams already built, the control of grants to be by the 
Secretary of War and regulation of rates and charges 
to be by the states in which service is rendered or, in 
case of disagreement on interstate service, by the Inter- 
state Commerce Commission. 

In any case, construction is not to be begun until 
all plans have been approved by ‘either the Secretary 
of War or the Secretary of the Interior, whichever 
has jurisdiction. 

While experience may show the desirability of minor 


changes, the bills, as a whole are calculated to give a- 


fair deal to both government and investors and to per- 
mit of making developments on a basis which will give 
definite knowledge of what the grantees are granted 
and are required to do. The power given to secretaries 
is somewhat arbitrary, but is not likely to be abused, 
and if any progress is to be made, somebody must be 
given power to grant permits. 

The only opposition seems to be by those theorists who 
are opposed to getting anything done unless it is to be 
done their way. And meantime energy equivalent to 
over 10,000,000 tons of coal is going to waste each month. 
‘‘The way to begin is to begin.’’ If the waste is to be 
remedied, some basis must be established on which cap- 
ital ean be secured to make these developments, and the 
proposed bills offer such a basis. 


CLEANLINEsS is always highly desirable, especially 
in rooms where the product may become soiled if dirt 
is allowed to accumulate. It is, therefore, well to keep 
the shafting cleaned, and even polished. On account 
of the rotary motion of shafting and the resultant cen- 
trifugal force, dirt particles and oil are easily thrown 
off, the same as from pulleys. Such particles should 
never be permitted. It is not difficult to keep shafting 
clean and polished after it is once in that condition. It 
ean be done from the floor with ease, by means of a long- 
handled wiper. Never stand on a ladder while doing 
such simple work. It is wasteful of time, dangerous and 
unnecessary.—The Canadian Manufacturer. 
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Orifice Discharges for Saturated 
Steam 


Cuart DESIGNED TO SIMPLIFY CALCULATION NECESSARY 
Wits Use or Orrick DisgHarce. By L. A. A. Karu 


VERY accurate method to test steam flow in a 

pipe line is to use a circular orifice in the line. 

This can readily be done by inserting a steel plate 
with an orifice between two flanges and tapping in a 
steam gage on either side of the orifice. 

The accompanying chart is designed to be used first 
to estimate the size of orifice to be used and second to 
determine the results of the test from the readings 
obtained. 

In making tests of this kind, a few points are im- 
portant to consider. 

Where a relatively great drop in pressure through 
the orifice can be tolerated, the orifice should be so small 
that for most readings the absolute pressure on the low- 


ABSOLUTE PRESSUAE POUNOS PEAR SEM 


AREA OF-OARIFICE/N  SQ/N 


CHART FOR DETERMINING SATURATED STEAM DISCHARGE 
THROUGH ORIFICE 


pressure side (the back pressure), should be less than 
58 per cent of the absolute pressure on the high-pressure 


side (the head pressure). The area 1n the diagram 
below the upper slanting line covers this condition. 
When this condition exists, the well known Napier’s 
rule holds and this rule is expressed by the formula: 
AXP 
WwW = 
70 

W = Ib. of steam per sec. 
A = area of orifice in sq. in. 
P = absolute pressure in front of orifice in lb. per sq. in. 

This rule is represented by the straight vertical lines 
in the diagram. 

The limited use of this formula due to pressure con- 
ditions different from those assumed for it has greatly 
hampered the use of the orifice for practical testing pur- 
poses, as when the absolute back pressure of the orifice 
is more than 58 per cent of the head pressure the laws 
for flow of steam become very complicated and conse- 
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quently the calculations of such test results are very 
laborious. 

The principal purpose of the accompanying chart is 
to make the orifice readily used by anybody under all 
conditions of back pressure. 

The use of the chart is best illustrated by the follow- 
ing example. Suppose: 

Orifice area is 0.75 sq. in. 

Head gage reads 160 lb. per sq. in. 

Back pressure gage reads 123 lb. per sq. in. 

Atmospheric pressure (Barometer) is 15 lb. per sq. in. 
(30.5 in. of mercury, Hg.) 

The head pressure to be used in the chart is then 
175 lb. absolute. 

The back pressure is 138 lb. absolute. 

Note: Only absolute pressures are to be used in con- 
nection with the chart. 

Start at 175 lb. on the left-hand scale and follow a 
curved path parallel to the head pressure lines until the 
back pressure line for 138 lb. is reached. This point in 
the diagram corresponds to test conditions. 

Below this point on the bottom scale may be read 7800 
lb. of steam per hour per sq. in. of orifice. Our orifice 
being 0.75 sq. in., the tested flow of steam is 0.75 x 
7800, or 5800 lb. per hour. In order to avoid this last 
multiplication, the straight slanting lines have been put 
in the diagram. If, when going down from the point 
determined by the pressures, we stop on a slanting line 
corresponding to 0.75 sq. in. of orifice, we may read the 
flow of steam direct for this size orifice on the auxiliary 
left-hand scale as indicated in the chart. 

In recommending the use of the orifice in conjunction 
with the chart presented for the measurement of steam 
flow, it is not my intention to infringe on the use of the 
steam flow meters, but I would like to say that when the 
orifice is properly installed and when appreciable pres- 
sure drops can be tolerated, it will give results with very 
small errors (1 to 3 per cent). This of course assumes 
correct gages for reading the pressure. 

It is a sad fact that in many power plants and 
factories the engineer cannot secure a flow meter from 
the management, but with two gages, a gage tester and a 
piece of steel plate he can do fully as good work. 

In order to secure good results the upstream edges 
of the orifice should be well rounded to avoid contraction 
of the jet when entering the orifice. 

In orifice measurement where great care is necessary, 
the diameter of the hole is calipered when at the tempera- 
ture at which it is used during the test or the cold 
diameter is calipered and the correction due to expansion 
is calculated. For ordinary testing, such accuracy is not 
necessary, as other errors due to commercial steam gages, 
ete., would easily exceed any such error. The chart is 
only of such accuracy as is required by ordinary testing 
and is not recommended for any other purpose. 

The orifice formulas are based on the flow of steam 
from zero velocity, i.e., from a large tank. In order to 
approximate this condition, a pipe line in which an orifice 
is to be used should have a diameter at least 10 times 
larger than the diameter of the orifice used though no 
very great errors are made even at five diameters. If 
the pipe line is too small to accommodate the orifice, a 
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few feet of it may be taken out and replaced by a larger 
diameter pipe. 

The writer has used this chart to great advantage in 
numerous tests and would say that where a steam meter 
can be had it will pay to check it up at intervals with 
an orifice test in the same pipe line. 


Welder for Repair Work 


APPARATUS MADE BY REPLACING SECONDARY 
WINDING OF 1-Kw. TRANSFORMER WITH FEW 
TurRNS oF HeEAvieR Wire. By H. S. Ricu 


MALL repair work may easily be performed with the 
practical welder shown in the accompanying illus- 
tration, which is made by rebuilding a 1-kw. 220-v. 

transformer. The secondary winding was removed and 
replaced by one wound with 3 or 4 turns of about No. 4 
stranded slow-burning wire so as to deliver from 30 to 40 
amp. at 5 to 10 v. A 25-amp. knife switch fused for 
15 amp. is used on the primary line. The secondary 
flexible leads should be carried to the welding vise, as 
shown in the illustration, where they are tipped with 
large copper lugs and securely screwed to two copper 
blocks about 2 in. long by 1 in. square on the ends. 
By connecting directly to the copper electrodes the 
voltage is not lowered by resistance. Large electrodes 
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METHOD OF USING WELDER IN REPAIRING BROKEN SAW. 


are used so that the heat of: the welding are will not 
damage them. 

The lower electrode is screwed to the bench, which is 
first covered with 1 sq. ft. of 14-in. asbestos board. The 
upper electrode is bolted to a flat iron bar 18 in. long, 
1 in. wide and 0.25 in. thick. A wooden handle is riveted 
one-half to each side, and then covered with 2 or 3 layers 
of friction tape. The object to be welded as well as 
a piece of hard silver solder must be in place before 
closing the secondary circuit. The joint to be welded 
is placed on the lower electrode and the lever carrying 
the upper electrode lowered. The circuit should be kept 
closed only a. few seconds with a heavy hand pressure 
on the lever. After opening the circuit, the joint should 
be filed and cleaned.—Electrical World. 


Lapor Is a necessity to human existence; being such. 
it is obvious that under natural conditions it should 
be a pleasure, not a penance.—Coast Seamen’s Journal. 
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Electrical Machinery and Appliances 


For Generating, Transmitting and Using Current 











DISCUSSION OF THE THEORY OF OPERATION 
or THOsE Types Most GENERALLY EMPLOYED 


IN INDUSTRIAL SERVICE. 


HE single-phase induction motor, the most com- 

monly used motor, is similar in many respects to 

its. polyphase prototype; its stator is practically 
identical, a polyphase winding being ordinarily supplied. 
The rotor is of the squirrel-cage type. A centrifugal 
clutch is usually provided which disconnects the rotor 
from the shaft while starting and enables it to accelerate 
without load until fairly well up to speed. 

The action of the single-phase induction motor is 
somewhat different from that of the polyphase machine. 
In the latter, a revolving magnetic field is set up by 
properly located stator windings carrying currents out 
of phase with each other. In the single-phase motor, it 
is impossible to create such a rotating field through any 
arrangement of stator windings, since only a single 
pulsating current is available. 
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FIG. 1. DIAGRAM OF SINGLE-PHASE INDUCTION MOTOR 
FIG. 2. DIAGRAM OF CONNECTIONS SHOWING USE OF SPLIT- 
PHASE STARTER 


If a polyphase motor, while running, has one phase 
disconnected, it will continue to run, but will carry only 
about 70 per cent of its rated load. This action may be 
quite simply discussed. In a 2-phase motor wound with 
2 poles per phase, allow one phase to be disconnected. 
The field set up by the current in the remaining phase 


does not rotate but merely reverses, passing through a° 


series of values. The rotor conductors, revolving across 
this field, have generated in them a voltage which varies 
as the field. This voltage is in phase with the reversing 
magnetism, and sets up currents in the squirrel cage 


By Gorpon Fox 


rotor, which aiso alternate through a series of values. 
The disposition of this current in the various rotor con- 
ductors is such that the magnetizing effect is at right 
angles to the main field. The rotor currents which set 
up this field lag 90 deg. behind the voltage generated in 
the rotor. It is thus evident that this cross field is 90 deg. 
out of phase with the main field, which corresponds to 
conditions occurring in a 2-phase motor. The main 
field and the cross field of the single-phase induction 
motor combine to produce a rotating field similar to 
that of the polyphase motor. When the rotor is at 
rest, however, there can be no revolving field since 
the rotor conductors cut no magnetic lines, have no 
generated current and have no cross field. 

Figure 1 should make clear the action of the single- 
phase induction motor. Coil S represents the distribu- 
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ted stator winding. A magnetizing current flows through 
this coil and sets up a vertical flux, which induces a 
voltage in the rotor through transformer action. Also, 
due to rotation, a voltage is in the rotor in phase with 
the vertical flux. And as the induced voltage is in 
quadrature with the vertical flux, the two voltages are 
thus in quadrature with each other. The generated 
voltage sets up currents so disposed as to cause a hori- 
zontal field Fr. The induced voltage sets up currents 
so disposed as to oppose the vertical field, just as in a 
transformer. The horizontal field and the induced cur- 
rent are in phase with each other. They therefore react 
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to produce torque. The vertical field set up by the 
induced currents, influences the primary magnetism and, 
through transformer action, sets up an equal and oppo- 
site load current in S. The influence of the load is thus 
transferred from rotor to stator. With the motor at rest, 
there is no generated voltage in the rotor, hence no field 
Fr and consequently no torque. 

The revolving field of the single-phase induction 
motor is the result of the combined action of stator and 
rotor fields. The magnetizing force required to set up 
the stator field is similar to that of one phase of a poly- 
phase motor; the magnetizing force required to set up 
the rotor’s cross field is of like magnitude. The cross 
field magnetizing current must come finally from the 
stator winding connected to the mains. The magnetizing 
current drawn thus corresponds to that taken by the 
two phases of a 2-phase stator winding and is about 
twice that taken by one phase of a 2-phase motor. The 
low power factor characteristic of the single-phase in- 
duction motor is thus explained. 

Torque of an induction motor is proportional to the 
product of rotor amperes and field flux, which latter 
factor in a polyphase induction motor is practically the 
same at all loads and the maximum torque is independent 
of the slip. In a single-phase induction motor, one 
portion of the field is controlled by the stator while the 
other portion is set up by the rotor current, which is 
due to the cutting of flux and is therefore proportional 
to the speed. The resultant revolving field thus varies 
with the speed. The maximum torque must therefore 
also vary with the speed. With increased slip the maxi- 
mum torque is lessened. The amount of slip depends 
largely upon rotor resistance. High rotor resistance 
in a single-phase induction motor would thus have the 
effect of lowering the pull out torque. For this reason, 
single-phase induction motors are always of the squirrel- 
cage type. 

It has been mentioned that the single-phase induction 
motor has normally no torque at starting. The most 
common method of bringing motors of this type up to 
speed is by approximating polyphase action through use 
of a ‘‘split: phase’’ starter. When this method is em- 
ployed, the motor is wound polyphase and is connected 
as shown in Fig. 2, so that out-of-phase voltages are 
impressed at its terminals. A fairly strong revolving 
field is thus set up which suffices to start the machine. 
When the motor has attained nearly synchronous speed, 
the starting device may be cut out and the motor will 
continue to operate as a single-phase machine. Two of 
the three leads will then remain in use. Although the 
starting torque developed through the use of a split- 
phase starter is not large, the current flow is quite 
heavy. Motors of this type are commonly arranged with 
the rotor revolving freely on the shaft and a centrifugal 
clutch is provided which connects the rotor to the shaft 
at a speed slightly below synchronism. In this manner, 
the motor is enabled to start without load, yet to accel- 
erate a load after the condition of running torque has 
been reached. During the period of acceleration there 
is a certain amount of slippage in the clutch. Motors 
of this type will accelerate against about 150 per cent 
full load torque with a current input of about 250 per 
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cent full load rating; they will carry about 75 per cent 
overload before the clutch slips. 

Torque of the single-phase induction motor varies 
as the square of the applied voltage, being in this respect 
similar to the polyphase machine. The efficiency of the 
single-phase motor is lower than that of the polyphase 
type. The exciting current is greater, which adds to the 
primary copper loss, as does also the rotor exciting 
current. Characteristics of a motor of this type are 
shown in Fig. 3. The speed is seen to be quite constant 
under ordinary loads,‘ dropping markedly with heavy 
overloads. The maximum torque is little more than 150 
per cent full load value, due to clutch slippage. The 
power factor is rather low at all loads, being better the 
heavier the load. The efficiency is fair. 

Single-phase induction motors find a considerable 
field of application in the small sizes for use where poly- 
phase current is not available, as in residence districts 
or where small installations will not justify polyphase 
distribution. The induction motor in fractional horse- 
power sizes has been highly developed for domestic 
applications. The low power factor and heavy starting 
current are often objectionable features as being detri- 
mental to voltage regulation. Since motors of this type 
are generally connected to lighting mains, this feature 
is important. The inflexibility in speed and control 
features is a drawback to this type of machine in many 
instances. For constant speed drives where starting is 
infrequent and starting load light and where voltage 
regulation of the line is not important, this type of 
motor offers advantages in simplicity and ruggedness. 

The shunt-wound direct-current motor has excellent 
characteristics and a wide field of application, and the 
question may well be raised why a single-phase alternat- 
ing-current motor is not built similar to the direct- 
current shunt type. The main reasons may be briefly 
set forth. The field of such a motor, when connected 
to an alternating current line, would have high im- 
pedance and the current through it would lag decidedly 
behind the impressed voltage. The field set up would 
also lag 90 deg. behind the line voltage. The armature of 
such a machine would have comparatively little induc- 
tance and the current through it would be nearly in 
phase with the line voltage. Armature current and field 
flux react to produce torque. In a shunt-wound alternat- 
ing-current motor, the armature current and field flux 
are nearly in quadrature, the armature current being 
small when the field flux is maximum and vice versa. 
The consequent torque is therefore small. A motor of 
this type must be very large for its rating and its 
efficiency would be low, and due to the high inductance of 
the field circuit, the power factor would be very low. 
Commutation would be poor because of heavy induced 
currents in the brushes which short-circuit portions of 
the winding. These features combined render the shunt- 
wound alternating-current motor entirely impractical. 

The series-wound motor is much better suited for 
operation with alternating current. If the two line 
terminals of a direct-current series motor be inter- 
changed, the rotation of the motor is not affected, as 
the armature current and the field current reverse 
simultaneously so that the torque remains in the same 
direction regardless of the polarity of the terminals. 
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It is evident, therefore, that with a few minor changes 
the motor will operate upon alternating current. It is 
necessary to laminate the entire magnetic field circuit 
to eliminate the eddy currents which would be excessive 
in solid poles and yokes such as are used in direct 
current motors. The field windings of a series motor 
necessarily have considerable inductance, which tends to 
lower the power factor and to allow the voltage at the 
armature terminals to drop off as the load increases. 
This action affects the speed regulation and lowers the 
pull out torque. The choking influence of the field is 
proportional to the field flux and thé square of the 
number of turns in the field winding. It is desirable 
that the inductance be maintained as low as possible for 
reasons already set forth. A low value of field fiux con- 
tributes to low inductance. A weak field, however, is 
conducive to small torque and to counterbalance the 
weak field it is necessary to provide a large number of 
armature conductors. An armature with many conduc- 
tors has comparatively high magnetizing influence which 
would cause great distortion of a weak field. This is 
overcome in some types by compensation. In motors 
not compensated, but a moderate number of armature 
conductors are used and little torque is developed. The 
motors are operated at very high speeds, however, thus 
securing considerable output. Field inductance may be 
reduced by restricting the number of field turns. Low 
flux density, small total flux, short air gap, a large 
number of poles with short magnetic circuits and high 
quality iron may all contribute to reduce the field turns 
required. ; 

The alternating-current series motor is shown dia- 
grammatically in Fig. 4. In this machine the field coils 
set up a reversing flux, F, in the direction indicated. 
The armature current is so disposed as to set up a cross 
field along the axis, R. The armature current and the 
field flux, F, are in phase with each other and react to 
produce torque. The flux, R, has no useful function. It 
distorts the field and lowers the power factor, since 
magnetizing current is required for its maintenance. A 
counter voltage is generated in the armature conductors, 
due to rotation in the fields F and R, the action being 
similar to that in a direct-current motor. 

It should be noted that the reversing flux, F, induces 
a voltage in those armature conductors under its influ- 
ence. Some of these conductors are short-circuited by 
the brushes, and as a consequence, due to transformer 
action, a short-circuit current is induced in these coils. 
Interruption of this current when a bar passes out 
frcm under a brush leads to serious sparking, an action 
not present in direct-current motors except to a minor 
extent in case of widely fluctuating loads. In alternat- 
ing-current machines the effect is lessened through the 
use of low flux values, by restricting the number of 
armature turns between commutator bars and through 
use of a large number of armature coils, each having 
few turns, in some cases only a single turn. 

The series alternating-current motor has a character- 
istic similar to that of its direct-current prototype. The 
field strength varies directly with the load and the speed 
consequently changes inversely as the load. The starting 
torque is good. The power factor is good at light loads 
with weak field and decreases with increase of load. At 
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starting, the power factor is rather low. The motor may 
be: built with projecting pole pieces as in direct-current 
machines or the winding may be distributed in the bore 
of the stator as in an induction motor. Simple series 
motors are most extensively used in comparatively small 
sizes, 14 hp. or less at very high speeds. The high-speed 
ratings are due to the weak field requirement together 
with the need of armatures with few conductors, as 
already stated. 

Compensation greatly improves the characteristics of 
series alternating-current motors except in the small 
high-speed ratings. The compensated series motor is 
shown in Fig. 5. Here another winding having a 
magnetizing influence approximately equal and opposed 
to that of the armature has been introduced. The cross 
field, R, is thus neutralized. Commutation is improved, 
since distortion of the main field is eliminated. Power 
factor is raised, since the magnetizing current to set up 
field R is no longer taken. The compensating winding 
is most effective if it is distributed over the stator bore 
in a way similar to the distribution of the armature 
winding over the armature. Each element of armature 








FIC-4 FIGS 
FIG: 4. DIAGRAM OF CONNECTIONS OF SIMPLE SERIES MOTOR 
FIG. 5. DIAGRAM OF CONNECTIONS OF COMPENSATED SERIES 
MOTOR 


magnetizing influence is then neutralized and all field 
distortion prevented. Compensating windings may be 
placed upon projecting pole pieces, may be located in 
slots in the main pole faces or they may be distributed 
in a smooth bore stator and so arranged that the 
magnetizing influence is 90 magnetic degrees from the 
main field. The compensating winding is similar to the 
interpole of a direct-current motor except that the in- 
fluence is distributed instead of being concentrated over 
a narrow zone. 
(To be continued) 


Oil Burners for Emergency Loads 


AUXILIARY EQuIPMENT FOR BrREAK- 

Down AND PeAK-Loap SERvICcE 
CCORDING to an article in the Electrical World, 
4 auxiliary oil burners have been provided for 
each of the boilers installed at the Dutch Point 
station of the Hartford Electric Light Co:, to carry 
unexpected peaks such as might occur if any boilers or 
coal-handling apparatus become incapacitated. The 
boilers installed at this plant are 1250-hp. Bigelow- 
Hornsby units. Three are equipped with Riley under- 

feed stokers and the remainder with Taylor stokers. 

As shown by the accompanying drawings, the burners 
are installed on the side walls of the furnaces in such 











a manner that they may be inserted in rectangular 
openings and the flames directed across the furnace. 
Being connected with the oil and steam supply by swivel 
joints, the burners can be folded up against the furnace 
wall when not in use and the wall openings closed by 
doors hinged along the top. The openings are about 
414 ft. above the floor level and 3 ft. apart, the one 
nearest the stoker being 30 in. from the front wall. 
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FIG. 1. POSITION OF BURNERS ON BOILERS 


Sufficient space is provided around each burner to admit 
the air required for combustion. 

The oil and steam supply pipes approach the open- 
ings vertically and terminate in swivel joints about 14 in. 
above the center lines of the furnace-wall opening. At 
these joints they are connected with pipes that hold the 
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burner-nozzle tip almost even with the inside wall of 
the furnace when in position for operation. The pipes 
are bent and connected in such a manner that the nozzle 
and pipes connecting with it may turn about an axis 
through the two swivel joints. Globe valves are provided 
in both pipes leading to the burner, but the oil flow is 
regulated by an additional valve installed below the 
globe valve. Since no auxiliary equipment, such as 
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FIG. 2. NOZZLE CONNECTIONS TO STEAM AND OIL PIPES 


baffles to protect the grates, is required with the equip- 
ment, it does not hinder normal operation when the 
underfeed stokers are used. In one case a brick checker 
work was built over the grate, however, to ascertain its 
effect on oil-burner operation. With this temporary 
addition, the oil burners were able to carry 200 per cent 
of boiler rating. 


Static Transformers as Boosters 


Sranparp DistrisuTING APPARATUS May Bre EmpLoyep As A Constant Booster; 


VoLTaGE RELATIONS; PRECAUTIONS TO 


HE booster transformer, which, by the way, may 
be used to buck instead of boost by simply revers- 
ing one winding, consists of one winding connected 

in shunt across the line while the other winding is con- 
nected in series with one side of the line. Different 
results will be obtained whether the primary or shunt 
winding is connected between the source of supply and 
the series or secondary coil or whether it is connected 
between the secondary coil and the load, a fact that 
may be sometimes utilized to good advantage. To make 
the matter clearer, suppose a standard 10 to 1, 2000-v. 
distributing transformer is used. With the primary con- 
nected as shown in Fig. 1-A, namely between the source 
of supply and the booster secondary, the boost is 200 v. 
and the total voltage is increased from 2000 to 2200. 
If instead the primary is connected ‘‘ahead’’ of the 
secondary as shown in Fig. 1-B, which is between sec- 
ondary and the load, a higher boost is effected by an 
amount equivalent to the voltage of the secondary 
expressed as primary voltage. The voltage on the 
boosted side would then be 2222 v. instead of 2200; the 
extra 22 v. may often be very serviceable, especially 
since it is so easily obtained. 

It is quite a simple matter to calculate the effect of 
connecting the primary of the booster between the sec- 
ondary winding and load instead of between source 
of supply and secondary winding, and thus determine 
beforehand the effect of the change. For example, 


Be Osservep. By F. S. F.ercHer 


suppose the transformer is a standard 2000-v. unit, 
with a ratio of 10 to 1, that is with a secondary of 200 v. 
If X represents the resultant voltage on the load side 
of the booster, when connected between booster and 
load, then the increase of voltage due to the secondary 
winding is given by X/10. The total boost is then 
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FIG. 1. (A) PRIMARY CONNECTED ‘‘BEHIND’’ BOOSTER. 
(B) PRIMARY CONNECTED ‘‘AHEAD’’ OF BOOSTER 
FOR ADDITIONAL VOLTAGE INCREASE 

expressed by X equals 2000 plus X/10 whence X10 
minus X equals 9X equals 20,000, and, therefore, X 
equals 2222. 

The boost is thus seen to be from 2000 to 2200 or 
2222 v., according to which connection is used. 

Booster TRANSFORMERS ON 3-PHASE CIRCUITS 

IT IS GENERALLY understood that by connecting three 

single-phase transformers in star instead of delta in 
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a 3-phase circuit, for a constant supplied voltage the 
transformed voltage will be increased over that corre- 
sponding to the transformer ratio by \/3, or 1.732, with 
the same stress between turns. In view of this fact, it 
might be taken for granted that in arranging 3 trans- 
formers to act as boosters in a 3-phase circuit a higher 
boost would be obtained by connecting the shunt wind- 
ings in star instead of in delta. In actual fact the 
reverse is the case, that is, by using a delta connection, 
a higher boost is made possible. The method of con- 
necting three transformers in star and delta is shown 
in Fig. 2, and the corresponding voltage diagrams in 
Fig. 3. It is seen that if the transformers have the 
standard ratio of 10 to 1 then by connecting the booster 
transformers in star the percentage boost is 10 per cent, 
whereas connecting them in delta gives 15 per cent. 
By connecting the primaries between load and booster, 
as already pointed out, an intermediate voltage can be 
obtained with the star connection and a voltage in excess 
of 15 per cent with the delta. 


Capacity oF Booster TRANSFORMERS 


THE capacity of the booster in all cases is governed 
by the capacity of its secondary winding, that is the 
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Fig. 2. THREE SINGLE-PHASE TRANSFORMERS CONNECTED 
IN STAR (A) AND IN DELTA (B) AS BOOSTERS 
IN 3-PHASE CIRCUITS 


winding in series with the circuit, which is the low- 
voltage winding. For example, if the circuit carries 50 
amp., then the booster must be a transformer whose low- 
voltage coil is capable of carrying not less than 50 amp. 
In the above instance the booster would require a capac- 
ity of 10 kv.a., while the actual load was 100 kv.a. 

If burnouts are not to occur, it is important not to 
forget to keep the capacity of the booster transformer 
on the safe side. This is even more important where the 
primary is connected on the ‘‘boost’’ side since the 
impressed voltage on, the transformer primary is then 
higher than it is when connected on the other side; more- 
over, it is also higher than the voltage for which the 
transformer was designed. This means that the core 
or iron losses will be higher, hence also the overall heat- 
ing. Still further increasing the heating, and thereby 
tending to lower the capacity of the booster, is the fact 
that with the ordinary transformer the load does not 
persist continually, that is the load-factor is not com- 
monly 100 per cent, while with the booster the high 
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voltage exists so long as the line is alive, although of 
course the load may vary. 


NEED FOR PROPER INSULATION 


IN vuSING ordinary static transformers as boosters 
there is one other important thing to remember. That 
is, that the service is other than that for which the 
apparatus was primarily designed, and if neglected the 
insulation may be subjected to excessive voltage or 
dielectric stresses. The standard distributing trans- 
former is designed for about 10,000 v. between high- 
voltage coils and case, while the 220-v. or low-voltage 
coils are designed to withstand a test pressure of 4000 v. 
for one minute between coils and core and case. When 
used as a booster the secondary coils are raised about 
2000 v. continuously above ground instead of only dur- 
ing the application of a test voltage. Such sustained 
voltage may cause breakdown of the secondary. The 
remedy is to insulate the transformer case from earth. 
When used upon a pole the insulation occurs automat~ 
ically, since the pole acts as the insulating medium. 

Transformer vaults and houses are coming into in- 
creasing use now, however, and in such cases the trans- 
formers are usually placed upon the floor. Where trans- 
formers are used as boosters it is safer, as regards the 
apparatus and workmen, to place them upon a slightly 
raised platform of dry wood. Im any ease where sta- 



































FIG. 3. BY CONNECTING BOOSTER TRANSFORMERS IN A 3- 
PHASE CIRCUIT IN DELTA INSTEAD OF STAR A FURTHER 
GAIN IN BOOST OF 5 PER CENT IS OBTAINABLE 


tionary apparatus, such as the oil-cooled transformer, is 
operating at full load it increases its current-carrying 
capacity to raise them above the floor level so that air 
is able to circulate underneath them, thus further assist- 
ing the circulation of air and the dissipation of heat.— 
ELEcTRICAL REVIEW. 


BritisH CoLUMBIA comprises 372,640 sq. mi. The 
population is less than 500,000. There is nearly 500,000 
hydro-electric horsepower planned for or developed. But 
when we come to available water power in that province, 
the figures are no less than 3,000,000. 

In Norway 400,000 hp. is used to fix nitrogen, and 
before the war, Norwegian ships sailed around Cape 
Horn with loads of fertilizer for the Pacific Coast. The 
raw materials to make it are air and lime. The addi- 
tional requirements are power and plant and the men 
to operate it. All the way along that beautiful British 
Columbian and Alaskan coast there is power galore 
and the question seems fair whether, when the war is 
over—if it ever is—and the world gets straightened out 
a little—if it ever does—nitrogen fertilizer will be made 
there for the Pacific Coast and Eastern Asia. Or will 
Norwegian ships continue to bring it to the American 
West? 
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Cost of Tracking Systems for Central Stations 


DETAILED Costs OF SIDE 
Tracks. By JoHn D. Morgan 


S everyone knows, every central station or power 
A plant that uses coal as a fuel demands more or 
less tracking facilities, the amount varying with 

the location and coal storage capacity. In order to con- 
vey the relative cost of tracking, I have prepared Table I. 
In the average engineering department of central 
stations there is generally no one who is sufficiently 
familiar with tracking costs to prepare a real estimate 
of the approximate cost of the trackage; this results in 
the amount of money appropriated being largely a 
guess. To aid the average engineer in preparing a rea- 
sonable estimate, the following data has been worked up: 


Lasor Data FoR TRACK CONSTRUCTION 


1st—Dirt excavation or track grading. 
A. Plough with 2 men and 2 horses. 
Nature of Soil Cu. yd. loosened per hour 


cera ieee er serene 10 to 8 
NNR is 5 esv0 soaks 25 to 20 
rer rrr rr re 50 to 40 
ge rrr 100 to 80 


TABLY I. RELATIVE COST OF TRACKING 


4.5 cu yd. per hr. per 100-ft. lead. 
3.0 cu. yd. per hr. per 200-ft. lead. 
G. Moving dirt by wheelbarrow consisting of loading, 
wheeling and dumping. 
1.71 cu. yd. per man per hour per 100-ft. lead. 
1.19 cu. yd. per man per hour per 200-ft. lead. 
2nd—Track laying. 
A. Tie placement. 
4 men—100-ft. lead. 4 to 5 ties per hour. 
B. Tie plate placement. 
2 men—25 plates per hour. 
C. Rail placement. 
70-lb. rail : 
6 men @ 100-ft. lead will lay 264 ft. per hour. 
85-Ib. rail: 
8 men @ 100-ft. lead will lay 264 ft. per hour. 
100-lb. rail: 
10 men @ 100-ft. lead will lay 264 ft. per hour. 
D. Track laying. 
15 men will lay 8 ft. per hour of curved track. 
15 men will lay 31 ft. per hour of straight track. 


TABLE II. UNIT COSTS PER FOOT FOR 





Plant — Rail Unit Unit 
° 


Unit Cost Unit Total Total 


TRACK AT VARIOUS PLANTS 
































Size 8 Cost Cost Unloading Cost 
in Track sia of of and of Unit Cost 
KW. Ft. Lb. | Material | Freight | Cartage Labor Cost Capacity | Unit Cost Unit Cost | Tracking 
of Per K.W.{ Per K.W.{ Cost in 
3526 | 2110 60 $1.36 $0.0637 | $0.0405 | $0.8014 | $2,.2656 | $4780.40 Plant of of of 
1280] 730 60 1.4194] 0.0770 | 0.0216 | 1.0017 | 2.5197 | 1839.88 K.W. Plant Tracking | Potal cost 
10s 04 4 se o.seee 0.0292 0.9588 S.0066 1068.56 
«8796 991 | 0.0742 | 0.9185 | 2.9715 94.29 

3000| 1110 | 70 | 1.4563] 0.0746 | 0.0292 | 0.7444 | 2.3045 | 2558.00 a | oo $0.74 ee | 
1600| 550 70 1.6672] 0.1458 | 0.0292 | 0.8564 | 2.698 | 1483.93 2526 175.70 1°35 0.7 
10000 | 700 70 1.6386} 0.1036 | 0.0292 | 1.1507 | 2.922 | 2045.46 2140 49. 0.31 0.2 
5950 | 360 70 2.6618} 0.1306 | 0.0292 | 0.6722 | 3.4937 | 1257.72 3000 146.35 0.85 0.5 
18600 | 1350 80 2.1485} 0.0756 | 0.033 1.0769 | 3.3343 | 4501.29 4 146.70 0.26 0.1 
1950 | 430 90 2.638 | 0.1557 | 0.0375 | 0.7362 | 3.6674 | 1533.93 5950 71.40 0.21 0.2 
76000 | 9507 ce 2.0612] 0.0853 | 0.0338 | 0.9079 | 3.0885 | 26741.95 8900 122.70 0,69 0.86 

. - 17900 104.70 0.16 Ol 
2140| 243 (55 1.6385 | 0.099 0.465 0.9513 | 2.7363 | 664.69 1600 83.10 0.93 1.1 

-200 18500 | sss | ore | ose 

. 0,24 0. 

24360 | 775 ‘ 4 2.7699 | 0.1074 | 0.0691 | 0.743 | 3.6894 | 2859.26 75000 57.50 0.38 0.6 


8900 | 1594 100 2.4735 | 0.0939 0.0678 1.2152 | 3.8504 | 6137.62 
































B. Man with a pick. 


Nature of Soil Cu. yd. loosened per hour 


i oa aie es kh es cas ceee 1.4 to 1.0 
SON ks ws seceuusoue 2.5 to 2.0 
| errr 4.0 to 3.5 
gE a er 6. to 5. 


C. Loading dirt into cart. 


Nature of soil Cu. yd. per man per hour 


RE EO err ee. 1.5 to 1.3 
III 5 a akg ir ahi 1.7 to 1.5 
a, eres 2.0 to 1.7 
eee. 2.4 to 2.0 


D. Hauling and dumping with horse and eart of % cu. 
yd. capacity and half time of one man. 
5 min. per trip of 100-ft. lead. 
6 min. per trip of 200-ft. lead. 
E. Spreading earth at dump. 
Dry earth—Cu. yd. per hr. per man: 
Cart dump, 7.5. Wagon dump, 10.0. 
Wet earth—cu. yd. per hr. per man: 
Cart dump, 5.0. Wagon dump, 7.5. 
F. Drag scraper with 2 horses and 1 man. 





KE. Spiking. 
2 men will drive 18 to 24 spikes per hour. 
F. Tamping and surfacing track. 
15 men will do 15 ft. of track per hour. 
G. Placing 15-ft. guard rail. 
2 men—1}% hr. 
H. Switch placement. 
Placing switch timber—4 men will lay 3 timbers per 
hour. 
Spiking and setting side plates—2 men, 20 hr. 
Setting up switch—2 men, 10 hr. 
Adjusting switch—2 men, 2 hr. 
I. Survey and drafting per mile of track. 
3 men (transit man, rod man and stake man)—4614 
hr. in field. 
Office work—Transit man (doing his own notes)— 
24 hr., or draftsman, 30 hr. 
Below is given prices f.o.b. mill of various supplies 
used in track construction as of Jan. 1, 1916: 


SN NR hs i cnchaincenwnny nteeen 50e each 
TURN ec cek eek ens kes Keen 25¢ each 
Fish and angle plates............ 1.7 ¢ per lb. 
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DD NAnWweckey ot maew waded swe 2.85¢ per lb. accurately located by what is called approximate can- 
Guard rail, 15-ft. length, 70-lb......... $ 8.60 cellation. 

Guard rail, 15-ft. length, 80-lb......... 9.85 Taking the problem at (3), we find that 93.3 is 
Guard rail, 15-ft. length, 85-lb......... 10.50 divisible into 97.5 approximately once; 22 into 815 
Guard rail, 15-ft. length, 90-Ib......... 11.10 approximately 40; 78.7 into 174.5 twice, and 0.755 into 

Each 3.455 about 4. Hence, X should equal about 20. There- 
ee I I i ds www wdc eeens 97.25 fore, we know that our answer should be about 20; it 
Se eee 29.50 cannot be 2 or 200. Our approximation has given us 
er ee, BOOMs ca isccivivcadiesess 34.25 an idea of the answer, as well as the correct number of 
er 33.00 places to the left of the decimal point. 
re 33 30 We shall now proceed to solve on the slide rule. Set 
eS ee se 29 20 hair line on 9.75 on D scale; set slide to bring 9.33 of C 
ee Screen ee 24.80 scale under hair line; move runner to 8.15 on C scale; 
Nis iid vccavesvccacacs 26.80 set 22 of C scale under it; runner to 17.45 on C scale; 
ee errr 28.70 set 7.87 under it; runner to 7.55 on C scale; set 3.455 
ee eee 26.40 under it, and read answer under 10 of C scale as 18.76. 
eee 29.50 This shows us that our approximation was only 1.24 out 
Serre 32.20 of the way. 
Sy ES 65.6 6555 0S Chew ee decios 33.60 Any number of tests will convince one that the 
ee ere 34.90 approximate method accurately locates the decimal 
90° 80-lb. ieee ete ao etal Seas Atal 300.00 point. If approximation gives an answer of about 9.0, 
60° SO0-Ib, crossover’... .....c.ccecccece 350.00 it is evident that the answer might be 10 or 11. If such 
pion yee a. $12.00 to ben METHODS OF EMPLOYING APPROXIMATE CANCELLATIONS FOR 

utomatic switch stands....... : d 

Ground lever switch stand.............. 5.00 Se 
Ground lever switch stand with spring... 7.50 (a) 

Per pair oe siren waked (1) 
Point rails, 15 ft. long, 100-Ib.......... $22.80 ee 
Point rails, 15 ft. long, 90-Ib........... 21.20 x2 9%:528152174.520.755 jj (2) 
Point rails, 15 ft. long, 85-Ib........... 19.60 a a 
Point rails, 15 ft. long, 80-Ib........... 18.40 x a Phebe x Bibs Trix DPS 
Point rails, 15 ft. long, 70-Ib........... 17.00 —s ae ne or 
Point rails, 15 ft. long, 60-lb........... 15.60 = 20 nearly... ade 4 bank aan 

Per ton 


Open hearth steel rails, carload lots..... $37.00 
Open hearth steel rails, less than carload. 39.00 
Bessemer steel rails, carload lots........ 35.00 
Bessemer steel rails, less than carload... 37.00 
Table II shows the unit costs per foot of track for 
several different power stations’ tracking systems. 


Using the Slide Rule 


APPROXIMATE CANCELLATION AS A MEANS OF DETERMIN. 
inc Location oF DrecimaL Point. By A. EpwIn WELLS 


EARLY all instruction books treating the slide 
rule fail to give rapid methods for locating the 
decimal point when using this instrument. Once 

this difficulty is overcome, the slide rule is of great 
importance. 

In practically all lines of engineering work, the num- 
bers composing the various elements of a problem will 
not consist of more than 4 or 5 figures, and accuracy 
will not be desired to more than 4 or 5 places. For 
example, it is unnecessary to calculate the size of a 
pulley to hundredths of an inch; neither is it customary 
to compute draft to thousandths of an inch. Hence, the 
slide rule, if properly used, is an excellent time saver. 

The first point to note is that all problems should be 
brought into the form of (1) in the accompanying cal- 
culations. Next, the decimal point should be located by 
approximation. Suppose we had resolved a problem 
into the form shown at (2). The decimal point can be 


(B) 


Speed of driving shaft = 150 r.p.m. 
Diameter of driving pulley = 18 in. 
Speed of driven shaft = 350 r.p.m. 


Diarster of driven pulley = % 


‘Solution: - 18 times 150 = X times 350 


70 
x = fez TS, 7 approximately 
20 


By slide. rule, X = 7.725 in. 


proved to be the case, it would be absurd to assume only 
one figure to the left of the point and call the answer 
1.1. As approximation has shown that the answer is 
about 9, then we know that the correct answer is 11, if 
these figures were finally obtained from the rule. 

Long fractions like the one above, are often en- 
countered when calculating the drafts of various ma- 
chines, and gear trains. One can go through the prob- 
lem by approximation, proceed through the operation 
of the slide rule twice, and still have completed the 
problem in considerably less time than would have been 
taken, had logarithms or long hand been employed. 

Another practical problem might be as follows: A 
shaft, revolving at 150 r.p.m. has an 18-in. pulley on 
it which is to drive a second shaft at 350.r.p.m. Find 
size of pulley on the latter shaft by means of the solu- 
tion shown at (B) which indicates that an 8 or 734-in. 
pulley would in all probability be used. 
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This approximate method of finding the answer, and 
accurately locating the decimal point, is the most rapid 
method I have encountered, and every engineer will 
find it adds to the value and use of the slide rule. 


Lubricating Oil Density* 


By W. F. Scuapnorst 


T is unfortunate that such a term as Baumé is used 

in connection with determining the density of an 

oil. It means very little to the average man. A 
‘““drummer’’ once came to me with his sample ease full 
of small bottles of oil. He wanted me to buy his brand 
of oil. He took out one of his bottles, placed on a table, 
put a hydrometer in it and exclaimed: ‘‘There! How’s 
that?’’ I said ‘‘How’s what?’’ And thereupon he 
tried to explain to me that the little hydrometer floating 
in his oil proved beyond a shadow of doubt that his oil 
was a superior variety. I couldn’t ‘‘see it,’’ of course, 
and didn’t buy, and since that incident I have learned 
that the gravity test doesn’t amount to anything any- 
way. 

The hydrometer test is of value principally for iden- 
tifying oils. For example, if you have been using a 
certain brand of oil for some time and you want to 
continue its use, just measure its density by means of 
a hydrometer and make note of it. Then the next time 
you buy oil that is claimed to be the same as the last, 
you can at least easily check up its density. The density 
test is the easiest of all, especially if you have a hydrom- 
eter. 

' Coming back to the word Baumé, perhaps the reader 
would like to know how to convert it into understand- 
able English. It is done in this way: 

When you are told that an oil has a density of 
‘‘so many degrees Baumé’’ just add the ‘‘so many de- 
grees Baumé’’ to 135.88 and divide the sum into 145.88. 
The quotient is the density. Isn’t that easy enough? 

For example: What is the density of a ‘‘31-deg. 
Baumé’’ oil? 

31 + 135.88 = 166.88 
145.88 —166.88—= 0.875 

In other words, the oil is just 7% as heavy as water. 

It is evident, then, that an oil the density of which 
is 10 deg. Beaumé is just as heavy as water because— 


ee | 
10 + 135.88 
The density of an oil can be determined with accu- 
racy, however, without the use of a hydrometer. If you 
have an accurate weighing instrument you can do a more 
accurate job. 
In a nutshell, this is the method: 
(a) weigh a clean, empty jug. 
(b) weigh again when filled with water. 
(ce) weigh again when filled with the oil. 
The density can then be determined by using this 
simple formula: 
e—a 





Density = 

b—a 
This, you will note, is nothing more or less than 
dividing the weight of a certain volume of the oil by 








*Copyright, 1917, by W. F. Schaphorst. 
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the weight of the same volume of water. If you have 
‘ curate and delicate weighing balances, I would sug- 
.est that you use a small vial for this test. If you 
have nothing but large scales for weighing heavy objects, 
you can do the test very well by using a large or ordi- 
nary jug as suggested above. The temperature of the 
water, oil and jug should all be the same while doing 
the test. If possible, the temperature of all three should 
be 60 deg., as that is the standard. 


Coating for Blueprint Paper 


An INEXPENSIVE MetHop oF PRE- 
PARING POTASSIUM-FERRI-CYANIDE 


EFORE the beginning of the war, potassium-ferri- 
cyanide was obtained for 55 cents a pound, and 
now sells for $5, and since blueprint papers are 

coated almost exclusively with potassium-ferri-cyanide, 
an inexpensive method of producing it is of vital interest. 

Apparatus has been devised by the U. S. Bureau 
of Chemistry to produce, by the oxidation of a solution 
of potassium-ferro-cyanide and chlorine gas, potassium- 
ferri-cyanide solution, at prevailing prices of the mate- 
rials, for approximately $2.80 a pound. The chief pre- 
caution to be taken is that the finished solution does 
not contain an excess of chlorine. 
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APPARATUS FOR THE PREPARATION OF POTASSIUM-FERRI- 
CYANIDE 





Allowing for possible loss, 100 lb. of potassium-ferro- 
cyanide should yield about 75 lb. of potassium-ferri- 
cyanide.’ Probably 10 lb. of chlorine would also be 
required. That is, 1% lb. of potassium-ferro-cyanide 
oxidized with approximately 14 lb. of chlorine, would 
yield 1 lb. of potassium-ferri-cyanide. 

The apparatus and method for making potassium- 
ferri-cyanide are described as follows: 

This apparatus is designed to produce 1 lb. of potas- 
sium-ferri-cyanide from 1.33 lb. of potassium-ferro- 
cyanide. Cylinder A, containing chlorine, is connected 
through regulating valve V, by tubing and rubber con- 
nector R to B, a glass cylinder for solution of potassium- 
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ferro-cyanide. C is an.acid bottle containing a solv*iun 
of sodium hydroxide for absorbing excess chlorine. 
Cylinder B has a glass pet cock, D, near the base, 4 ™ 
is fitted with a 3-in. cork, sealed with paraffin and carry- 
ing tubes T and E, T extending to the bottom of the 
cylinder and flared to distribute the gas. Tube E, which 
does not touch the surface of the solution in B, is con- 
nected by a rubber tube, S, to tube F, running to the 
bottom of the acid bottle, C, which has a cork, G, sealed 
with paraffin and carrying E and H, which is so con- 
nected as to carry off unabsorbed chlorine. All tubing 
should be of glass 1% in. inside diameter. 

Dissolve 1.33 lb. of potassium-ferro-cyanide in about 
2.5 qt. of distilled water and pour into cylinder B. 
Nearly fill bottle C with a 10 per cent solution of sodium 
hydroxide or caustic soda. Turn on chlorine gas from 
cylinder A by valve V and allow it to bubble slowly 
through the solution in B. Shut off the chlorine at 
intervals of 14 hr. or so, and aid the absorption of the 
gas by shaking container B. Prevent caustic soda solu- 
tion from sucking back from C when gas is shut off, by 
slipping off connection S between B and C immediately 
after shutting off the chlorine. Continue passing chlor- 
ine into the potassium-ferro-cyanide solution for some 
time after the color has darkened considerably; then 
make frequent tests to determine when oxidation is com- 
pleted, by drawing off through pet cock D, a little solu- 
tion from B; dilute with distilled water and add a solu- 
tion of ferric chloride. If a blue precipitate is formed, 
the process must be continued, but if a brownish solution 
results, the oxidation is complete. When oxidation is 
complete, turn off chlorine gas and connect T with an 
air pressure line. Bubble air through the solution until 
no odor of chlorine is noticeable. If no air pressure is 
available and suction can be obtained, break the con- 
nection, S, connect E with the suction and draw air 
through the solution until free of chlorine. 

Great care must be exercised that no chlorine escapes 
into the room, as serious injury to the throat, nose, eyes 
and hands may result from exposure to the fumes or 
contact with the liquid. The operations must be per- 
formed under red or orange light, and the solution 
should be made up only as needed for use in coating 


paper. 





Erecting Odds 


Missine Parts, LAcK oF STANDARDIZATION, CARE- 
LESS SHippIncg MetrHops ArE Most FREQUENT 
CausEs oF ErectinG TRouBLES. By CHas. Lasse 


HE erecting engineer is compelled to take his work 
in different places with varied conditions and may 
have to resort to many schemes to make ends meet, 

which is, no doubt, why many of them have gray hairs 
long before their time. New mills in mining districts 
are seldom erected near a city and likely far from any 
foundry or machine shop where the engineer must have 
recourse to his limited number of tools to apply to the 
many cases of misfits that are sent him. 

When all (?) the material called for in the specifica- 
tions and plans has arrived on the ground, and every- 
thing fits in place and can be turned over in good con- 
dition on the date specified, well and good; but this is 
seldom the case, as I know from an experience I had in 
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“evada, 30 miles from the railroad. Teams were bring- 
ing in the material, shafting was coming from the East 
and pulleys from the West, and I can believe that if 
these articles of machinery are standardized the 2 stand- 
ards are widely apart. The parts maybe were sent as 
shown in the shipping bill, but were not received in 
quite that way, and from what happened it would ap- 
pear that shipping in lots means lots of parts missing. 
To come to our subject, most of the trouble was with the 
pulleys and shafting coming from different places. The 
main shaft was 3 15/16 in. and none of the 11 pulleys 
belonging to it would go on the shaft, all from 5 to 10 
thousandths of an inch too small. Filing pulleys with a 
hub 12 in. long did not appeal to anyone, nor to file 80 
ft. of shafting, either, so we rigged up a device to make 
a cut in the pulleys. We took a piece of 4 by 4 about 
3 ft. long, the hardest we could find, and with the draw 
knife made it round to 3 15/16; in the center was in- 
serted a piece of flat file, about one inch long, with an 
edge ground like a reamer. On one end of the timber a 
34-in. hole was bored and through this a °4-in. bolt was 
driven to use as a handle; it worked nicely and saved 
time. 

The crusher pulley, 14 by 60 in., was bored to 47/16 
to goon a 49/16 shaft. This was more puzzling, for with 
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a chisel and file it would be difficult to keep the bore 
true; even our wooden reamer was of no use and to ship 
it back and have it rebored meant too much delay, so 
we made a vertical lathe as follows: We placed the 
pulley on 2 carpenters’ horses; a piece of 3 15/16 shaft- 
ing, 4 ft. long, was quickly transformed into a boring 
bar by drilling 3 holes in it, 2 at the middle, 1 for the 
cutter and 1 tapped for a 14-in. set screw. The cutter 
was made of a piece of square file with the end ground 
and held in place by the set screw. Two pieces of 4 by 8 
timber were bored with the extension bit with two 
3 15/16-in. holes to act as bearings for the boring bar, the 
timbers were bolted on each side of the pulley and cen- 
tered with the rim, the lower end of the boring bar rested 
on a screw jack so that a regular feed was no trouble. On 
the top of the bar a bolt and 2 pieces of %4 by 1% flat 
iron held a 2 by 4, long enough that 2 men could walk 
around. This finished the lathe and furnished the power ; 
the boring was done in 2 cuts, the finish and trueness 
were equal to any ‘‘factory made.”’ 
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Manufacturers of pulleys may depend on set screws; 
but personally I do not, especially if 2 set screws are to 
hold pulleys 4 ft. in diameter on a 3 15/16 shaft, and 
numerous were the keyways we had to cut in pulleys. 
We made quick jobs of them, first traced them and with 
the hacksaw cut both sides, leaving a part easily chiseled 
out and with little to file. 

Twenty-four 114-in. foundation bolts came in one 
bundle and in a sack 24 nuts supposed to fit the bolts, 
but the nuts were ‘‘standard’’ and the bolts at least 
1/32 oversize. We had no taps or Gies of that size and 
something had to be done to cut the threads down. First 
we filed the tops of the threads with a flat file and with 
a 3-wheel pipe cutter we sunk the threads deeper. It 
made the threads a little V-shaped, but with a 2-ft. 
wrench we gave the nuts the best fit. 

Among the missing parts (and they only are missing 
when you are ready to put them together) was a rod for 
a Cornish pump 30 in. long, 114 in. diameter, with 4 in. 
of thread both ends. The water was needed and we had 
to get the pump in action so we devised the following 
scheme: We were lucky to find the 4 114-in. nuts, so 
we polished a piece of 114-in. rough iron and then pro- 
ceeded to cut the threads. We traced the threads on 
both ends of the rod on 4 sides, then on 8 sides with a 
fine center punch. With a new 3-cornered file we made 
about half the depth, helping with the 3-wheeled pipe 
cutter; as soon as the nut started the finish was easy, 214 
hr. being the time it took to thread both ends. 

In starting up, I told one of the natives to throw the 
clutch, always progressively, to give time to the ma- 
chinery to attain a good speed before locking the clutch; 
but my words proved to be unheeded, as he threw in a 
clutch so brutally that a flange coupling split in 2 pieces 
at the keyway, shearing 2 of the 5 bolts. This happened 
just the morning of the ‘‘great day,’’ a couple of hours 
before the swell dressed directors were to give their 
O. K. and hand out freely small cigars with big labels. 
The coupling was off the shaft and in the blacksmith 
_shop in a jiffy; a ring of 2 by 14-in. flat iron was made, 
welded and shrunk on the hub and a ring of the same 
iron made and shrunk on the outside of the flange; the 
coupling was back on the shaft before the bands were 
very cold, the whole plant was soon running as if noth- 
ing had happened. 

Manufacturers vary widely in the way they pack 
shipments of machinery ; some take great care and under- 
stand the rough travel their machinery will have to stand 
and, wishing the user to receive it in the best order, 
pack and box accordingly, while some just deliver on the 
railroad freight platform just the way it came off the 
machine tools. When shipping a crankshaft with both 
flywheels, why not use blocks of wood to hold the crank- 
shaft firmly.- In unloading men are apt to be careless 
with their crowbar and allow a flywheel to drop several 
inches. The crank shaft may be made of steel; but so 
are buggy springs, with the difference that the former is 
not made of steel which will stand many jumps and 
bumps; a sprung shaft is not very pleasant and I am 
not surprised that some bearings run hot. 

All bearing journals should be bound up with small 
planks bound together, because in nearly all cases the 
indifferent help does not pay much respect to bearing 
parts; they are for him the handiest places to place a 
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bar or chain, for were not the 2,sides made so carefully 


‘true in the lathe meant to provide a safe rest for his 


crow bar? Such smooth parts are inviting to pound on; 
if there are any scratches or bumps, he should worry, the 
engineer will ‘‘file that off.’’ 

I remember of a bullwheel 72 by 18 in. made of 
wood finished all over, varnished, very well made, 
shipped from the East to the extreme West, arrived at 
its destination with crowbar marks and scratches nearly 
an inch deep, in such shape that it took a full day for a 
carpenter to repair it. In the first place, to box or crate 
it may have cost a dollar and this would have been a 
good saving both in the repair bill and the cost of the 
firm’s reputation. 

Shipping machinery without some protection is not 
safe, as an example will show. A hoist of a well known 
maker shipped in good running order was left nearly a 


‘week on the freight platform. When the buyer took the 


hoist to the place of erection he was much surprised to 
see all the oilers, the sparker, one.valve and spring and 
the piston rings missing. I suppose some one having an 
engine of like make helped himself to those parts which 
he needed for repairs. 

Bearing parts should not only be boxed but painted 
or greased with some hard grease; in transit, machinery 
is often left out in the weather and rain or snow attacks. 
polished surfaces quicker than any others. 


Completion of the Quebec Bridge 


,URING the third week in September, the last span 
of the Quebec bridge was put into place. When 
; open, this bridge will carry the traffic of eight 
railroads across the St. Lawrence River and will reduce 
the rail distance between Halifax and western Canada 
200 mi. On Sept. 17, the central span, which is 640 ft. 
long, and the keystone of the structure, was floated down 
to the bridge site on scows and fastened in place. When 
the scows were removed, the 5000-ton mass was raised 
in 2-ft. stages and that night swung 28 ft. above the 
position from which it was started upward. It was 
raised 42 ft. the next day, and reached its final position 
on Sept. 20. : 

Profiting by the disaster of last year, the engineers 
used all possible precautions against a recurrence. The 
eare with which the calculations have been made can be 
realized from the fact that the 5000-ton mass of metal 
varied only % in. from the computations as to how far 
it would bring down the cantilevers after the scows had 
floated from beneath it. After each hoist, the mooring 
trusses, which ultimately will hold the span in place, 
were attached in order to hold it still until the jacks 
were made ready for a new upward thrust. The span 
was raised in 2-ft. stages, instead of the 3-ft. stages 
used the year before, and on Sept. 19, when the span had 
reached the middle of its 150-ft. ascent, the speed of 
hoisting was reduced from 2 ft. in 11 min. to 2 ft. in 14 
min. In 1907 a structure of nearly the same magnitude 
collapsed, causing the loss of 70 lives. 


THE RAILROAD connecting Chile and Bolivia, which 
crosses the Andes 14,105 ft. above sea level, provides 
oxygen chambers in which passengers can get rélief 
from the rarefied air of the high altitudes.—Compressed 
Air Magazine. 
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Waiting for Speed to Catch Up 


I HAVE READ with considerable interest the article on 
page 783 of the Oct. 1 issue bearing the above caption. 

I have in my hydro-steam-electric installation, a gov- 
ernor of the type described. Originally this governor 
‘waited for the speed to catch up,’’ but it preyed on the 
nerves of my assistant so much that I cut out about 15 
parts of the relay and now it doesn’t wait so long as 
formerly and my assistant is more contented. 

If my reasoning is correct, the relay on any appara- 
tus is simply to operate the main valve or gearing and 
a compensating device of some nature must be in the 
construction of said relay in order that the main valve 
or unit may operate in proportion to the pilot valve. 

I believe the Spencer damper regulator illustrates 


this feature with the fewest possible parts of almost any _ 


steam appliance. 
It is just as impossible to regulate a water wheel if 
the governor has to wait the pleasure of the water as it 
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FIG. 1. CHANGES IN COMPENSATING GEAR AS MADE BY TOM 
THUMB 
Fig. 2. PINION, RACK, FRICTION WHEEL, BEVEL GEARS, ETC. 


WERE ALSO ELIMINATED 


would be to regulate a steam engine and await the pleas- 
ure of the fireman. A proper head of water must be 
maintained to meet the greatest demand on the water 
wheel or the wheel must slow down (or up, if you 
choose), regardless of size, style or build of governor. 
But, if the above named condition—namely lead—is ful- 
filled, the speed should remain constant, or practically so. 

Then again, if the load goes off suddenly, where 
would you fit if the governor was slow in closing, just to 
accommodate the inertia of the water? A vent pipe is 
provided in a tight flume or penstock to take this sud- 
den ‘kick’—which acts like a hydraulic ram. If Chief 
Wallace were fussy, methinks he would not wait for the 
speed to catch up, but would liven his governor just a 
trifle. 
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In the governor mentioned, we changed the com- 
pensating gear as shown in Fig. 1. 

On stem (a) we eliminated several parts, making this 
all one piece without screw on end or pinion gear, and 
all the compensating is done with (b) as fulerum. 

The cam at (b) is made so that as the load increases 
the valve is centered more slowly, allowing the speed to 
increase rather than decrease. We also eliminated 
pinion rack, friction wheel, bevel gears, brass screw soc- 
ket guide, etc., as indicated in Fig. 2. 

My assistant one day asked permission to show a 
friend the plant. I, of course, granted the request. It 
happened that the friend was more or less posted on the 
water wheel governor in question and remarked the ab- 
sence of the bevel gears used in driving the compensat- 
ing device. 

This is what I heard my assistant tell him: 

‘‘The chief is more than fussy at noises and any- 
thing that bothers him so he can’t sleep has to move. 
Well, those pesky little bevel gears got on his nerves so 


‘one day that he couldn’t get his after dinner nap; 


darned if he didn’t pull ’em out and the darned thing 
seems to run better and act quicker without ’em.’’ 
Please don’t misunderstand my letter and think that 
I am an unbeliever in inertia, but I will not allow my 
wheels to await the pleasure of the water, inertia or not, 
Tom THUMB. 


Stopping Leaks 

ON PAGE 785 of Oct. 1, 1917, issue of Power Plant 
Engineering, I find an article by W. F. Schaphorst on 
‘*plugging the leaks.’’ It is a very good article, in my 
opinion, in the main; yet reference is made to something 
which, with all my 28 yr. experience, is new to me. 
‘*Shaft slip’’—this is something I don’t understand. Of 
course, I’ve had wooden pulleys to slip on the shaft, yet 
they made so much noise that for my own peace of 
mind I would ‘‘fix’’ them, even if I had to take barrel 
staves and whittle out a set of shims large enough to grip 
when the hub bolts were set up. I have had metal pul- 
leys slip when held only by. a set screw, but always made 
a point to set up the screws till they held. If no other 
way could be had I’d countersink in the shaft and put 
a lock nut on the set screw to hold her in after she was 
tight. If pulley bore was too large I’d shim. Generally, 
pulleys are secured with keys and often with both keys 
and set screws. So where any slip could take place is 
beyond me; and presuming that there was some slip, I 
don’t see why nor what an engineer gets paid for except 
to stop such things. If a man expects the boss or the 
owner to ‘‘plug’’ all these leaks, what on earth does he, 
the engineer, expect to get paid for? His good looks? 
I’m afraid, being so homely that the dogs run from me, 
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I’d never get salary enough to subsist on, for I’m a 
heavy eater. 

There is no doubt that one could go into the finest, 
best maintained plant in the world and find places where 
““plugs’’ would help, yet I’ll venture to say that in these 
better maintained plants you will find men in charge 
who personally go far beyond their ordinary duties of 
shoveling coal and drawing their salary to see that all 
these leaks are plugged and are forever hunting others 
to remedy. I know that in the plant under my eare are 
numerous holes which require plugging—and I can hon- 
estly say that I’m calling but little on the boss to fur- 
nish plugs; I’m either finding old material which has be- 
come too worn for its original purpose and using it for 
**plugs’’ in other places, or I’m inventing some new way 
to fix up the holes—and they are being ‘‘fixed’’ every 
day. Of course, new ones come, or old ‘‘plugs’’ wear 
out; yet back I go and oftentimes, though I work a regu- 
lar shift of only 6 hr., I am at my place of business 24 
hr. working over these same leaks. I make a point of 
staying with a thing until it is repaired, even though it 
is but an unimportant factor or though it required 48 hr. 
or even more, to fix it—I stay with it personally until 
it is done. I don’t believe any engineer worthy of the 
name has to run his bearings until they won’t run 
longer—nor do I believe any engineer worthy of being 
so called has to use the cheapest grade of anything, for 
by his works shall he be known and once he shows any 
owner—and naturally the owner is a business man or he 
wouldn’t be owner—that he is competent to use the bet- 
ter materials, then he can demand and get them, because 
the better material is money saved for the owner. 

A salary increase is the hardest thing for any man 
to get and this I find is governed a great deal by wages 
paid in neighboring industries. An owner, however, 
having once seen that his engineer is a capable man 
worth more to him than some other one might be, will 
generally pay more to keep him rather than take 
chances on a new one. 

A short time ago, I wrote the Editor for a series of 
articles and discussions to be called for from his readers 
regarding how best the salaries of engineers could be, 
in general, raised. A courteous reply came, but owing to 
certain existing circumstances the Editor felt that the 
time was not yet ripe for such a series. Therefore, feel- 
ing that I was worth more, and believing that the owner 
knew it, [ simply went to him and, like a gentleman, 
told him I’d like to have more, and why. I didn’t 
threaten to quit, go on a strike or anything like that, I 
took a copy of my plant and plant service record with 
me—and a copy of my home accounts which I carefully 
keep. I first showed him that directly through myself 
I had made him big money in more ways than one. I 
then showed him that I was running behind in my cur- 
rent expenses, owing to living having gone higher than 
salaries. I explained that I felt that I should have a 
living and at least 10 per cent left over of my salary 
to lay up for the coming old age. We figured it out and 
—TI got it. I later heard him say that it was much better 
to pay more to a man who worked in Mis interest 
to ‘‘plug the leaks’’ than to hire a man who either 
wouldn’t ‘‘plug’’ them or who didn’t know how. If I 
had a pulley which carried 100 per cent shaft slip, I’d 
buy a pocket knife and get a splinter from a dry goods 
box and shim her up if nothing better were in sight. 

JOHN PIERCE. 
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More Engine Trouble 

A CASE SIMILAR to that mentioned by H. A. Jahnke 
in Oct. 1 issue, once called the writer. The latch steel 
or catch plate on the hook had become broken square 
across the bolt hole, but the countersunk head of the bolt 
kept it from falling off. Still it was loose enough to 
lean over, each stroke preventing the release of valve. 

In another instance, the governor had a tendency 
to race, causing the engine to run very irregularly. The 
governor was completely overhauled, but nothing could 
be found which would indicate the cause. One of the 
steam valve stems was very loose from wear in the steam 
bracket. This trouble was remedied, and the governor 
gave no more trouble. This was just another case of the 
hook not releasing the steam valve properly on account 
Tom JONES. 


Powdered Coal 


THE PRACTICE of using powdered coal is as yet in its 
infancy and there are many points on this subject 
which need to be more fully described, and probably 
will be in due time as this system of combustion becomes 
more widely used. In the article on this subject ap- 
pearing on page 771 of the Oct. 1 issue, mention is made 
of a number of items on which a more detailed explana- 
tion would be of interest to many engineers. The article 
in question mentions one or two plants as an illustration, 
and in which this system shows excellent results. It 
would be of interest to have a more detailed description 
of how the coal is dried—and the length of time required 
to put the coal through the drier. 

It seems to me that inasmuch as drying is highly es- 
sential there is a considerable amount of heat radiated 
from the tops of the boilers which in many plants have 
a temperature sufficiently high to evaporate considerable 
moisture from the fine coal, especially if the air is 
handled by a fan. If the drying is to be accomplished 
by the use of steam coils, the steam used would mean a 
considerable item in the cost of operation. In plants 
having induced or forced draft, it ought to be possible 
to utilize a great amount of the heat in the waste gases 
after they leave the boiler or economizer for drying the 
powdered coal, without affecting the operation of the 
boiler. This would require a special arrangement of 
heating surface, but will probably be worked out as this 
system becomes more fully developed. 

In speaking of a power plant the article in question 
states that ‘‘drying, pulverization and handling is ac- 
complished in the usual manner.’’ More details on the 
usual practice would be of interest. The waste culm or 
‘*slush’’ used in making the tests shows an average of 
24 per cent ash. This means that nearly 14 of the fuel 
remains in the furnace and setting. What becomes of 
this ash? A considerable part of it will lodge on the 
tubes; in fact, the article states that horizontal baffles 
were not successful due to the fact that the ash collected 
on them. Would it not be necessary to use a soot blower 
several times a day? In burning a powdered coal having 
from 20 to 24 per cent ash, it seems to me that serious 
trouble would be had from the ash filling up the back 
chamber of the B. & W. type of boiler and the middle 
chamber of the Stirling, and that a very hard clinker 
would be formed in the furnace, and also on the tubes 
above the furnace, from the sulphur and iron and other 
components which form the clinker. 
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A coal having 24 per cent ash and a heat value as 
low as 11,500 B.t.u. would be a difficult fuel to use 
even with the best of stokers, and an evaporation of 8.1 
to 9.8 lb. of water per pound with a percentage of 16 
per cent CO, is considerably better than could be ex- 
pected in any case except where the plant was prepared 
especially for making a test run. 

One of the greatest difficulties in stoker and hand 
firing is to get the proper proportion of air to maintain 
as nearly as possible complete combustion. In blowing 
powdered coal into the furnace it seems to me that the 
proper ratio of air to coal could be maintained to get 
the best results similar to the theory of the gasoline car- 
bureter or in oil and gas fired boilers. Possibly these 
things havé been discussed and have escaped my atten- 
tion, but I believe that there is yet much experimenting 
to be done before the powdered coal system of combus- 
tion is brought up to the same high standard as our 
present stoker-fired systems. More discussion on this 
system and its details would be interesting to every engi- 
neer confronted with the present fuel prices. 

J. C. HawKIns. 


Two Eccentrics on Corliss Engines 

IN THE ISSUE of Oct. 1 J. C. Hawkins says that my 
statement concerning the object sought in adding a 
second eccentric to a Corliss engine seems to contradict 
itself. If he understood perfectly the operation of such 
an engine my statement would appear reasonable. 

For several years previous to his death, I was ac- 
quainted with an engineer who was probably the first, 
or at least one of the first, to add a second eccentric to 
a Corliss engine. He informed me that it was done for 
the purpose of saving steam. The result was that it saved 
$600 worth of steam the first year it was used. In no 
ease has it ever added power to such an engine. 

Let us review the action of a single eccentric engine, 
and see why the foregoing statement is true. The engine 
is started and a light load put on. More load is added 
until the maximum point of automatic cutoff is reached, 
which is 14 stroke. When a little more load is put on, 
what happens? The engine takes steam full stroke, and 
when this is done the addition of another eccentric can- 
not increase the mean effective pressure. Then why 
is it put on? 

For 5 yr. I operated a Corliss engine, and under 
certain conditions it took steam full stroke. It was 
a simple, noncondensing engine and when cutting off 
at 1/5 stroke it would develop one horsepower hour for 
each 3 lb. of coal burned in the furnace. When a change 
of conditions caused it to take steam full stroke, it 
was very wasteful of steam. Why was this true? Be- 
cause there was no point of automatic cutoff between 
14 stroke and full stroke. The addition of another 
eccentric would have -given a cutoff at 5g or even 34 
stroke and this is evidently more economical than taking 
steam full stroke. 

Of course if the cutoff took place at 34 stroke the 
mean effective pressure would be lower than for full 
stroke ; but the former is frequently enough for the given 
load, hence the saving of steam. 

J. C. Hawkins says, ‘‘adding another eccentric is 
done for the purpose of securing a later cutoff and higher 
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mean effective pressure, which in turn increases the avail- 
able power of the engine, making it possible to add more 
load.’’ The trouble with this logic is that it assumes 
that when the limit of automatic cutoff is secured, no 
more steam can be admitted to the cylinder. This is 
true of some kinds of engines; but it does not apply 
to the Corliss, hence his philosophy is all wrong. With 
steam going into the cylinder full stroke, a certain mean 
effective pressure is secured. If the cutoff takes place at 
34 stroke the mean effective pressure is slightly reduced. 
This feature is well illustrated by the diagrams which 
he presents on page 787 of the above-mentioned issue. 
W. H. WAKEMAN. 


Preserving Accessibility of Name Plates 

PRACTICALLY every large piece of power equipment 
is now fitted with a name plate bearing the name of/|the 
maker of the apparatus, the address of the company, 
patent dates, type and size of the machine, serial num- 
ber for identifying it, the maker’s records, date of sale, 
and other information of interest and value as a matter 
of reference and record. Often, however, it is advisable 
and good economy to, cover equipment, such as heaters, 
hot water controls, separators, etc., with asbestos lagging 
in order to consetve the. heat which would otherwise be 
radiated and lost, and in\these cases the identification 
or name plate is often covered and obscured. 
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HEATER NAME PLATE KEPT IN VIEW BY MOUNTING IT IN 
THIS MANNER 














We recently covered our heater with a magnesia 
plaster, and preserved the name plate in the manner 
shown on attached sketch. The lagging was about 2 in. 
thick and we therefore cut 4 pieces of small 14-in. pipe 
2 in. long and secured 4 long screws. The short screws 
holding the name plate to the side of the heater were 
then removed, the plate lifted out and then the four 2-in. 
long pieces of pipe were placed behind each screw hole, 
the long screws serving to hold the plate in position 
about 2 in. from the heater body. When the magnesia 
covering was finished, the name plate was on the same 
level as the outer surface of the coating and made a 
neat and attractive job, while preserving all the data and 
information recorded on the name plate. 

M. A. SALLER. 


Handholes in Centrifugal Pump Suction 

QuoTING FROM the letter of E. C. Wells in the issue 
of Oct. 15: ; 

‘‘There is no reason why these handholes could not 
be made when the pump was built, which would cer- 
tainly have been a great improvement, for it is beyond 
the writer’s imagination to understand how a builder 
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or designer could ever expect the nozzles to be cleaned 
if once they become clogged.’’ 

The pump maker in this case has been unduly criti- 
cised, as in the manufacture of pumps and other ma- 
chinery the maker must take certain things for granted 
and design and manufacture as near fool-proof as pos- 
sible, supposing, of course, that the machine will have 
proper installation, which was not the case in the pump 
under discussion. 

If Mr. Wells knows the construction of the single- 
stage centrifugal water pump as made today, he was 
taking all kinds of chances in drawing from an un- 
guarded or open end suction pipe, thereby permitting 
the entrance ‘‘of blocks of wood and rubbish’’ which 
are bound not only to clog the runner, but oftentimes 
ruin it by having a solid jamb between the end of 
impeller blade and throat of shell. 

Here is a case where the ounce of prevention would 
have been worth more than the pound of cure, as a 
strainer on the end suction pipe would have kept for- 
eign matter from the pump. : 

Pumps are seldom made with handholes unless so 
ordered or the pump is used for raising solids where 
an unobstructed opening in the suction line is desirable. 
If the working conditions of the pump were known 
to Mr. Wells and he was instrumental in its purchase, 
he made a serious mistake; a dredging pump should 
have been chosen, as this, without question, would have 
given much better satisfaction with an open suction. 

J. D. McRae. 





Getting a Raise 

IN LOOKING OVER the issue of Sept. 15, I find answers 
to ‘‘The Chief’s’’ query as to getting salary raise. 

Perhaps it may interest the readers to follow the 
eareers of two young engineers during a period of 10 
yr. These two young men started firing in a large plant 
at practically the same time; but owing to an accident, 
one of the young men was in a hospital for several 
weeks, and when he was able again to resume the shovel 
the position he had formerly occupied was no longer 
open. 

He was informed that he could have a job as oiler 
at another of the company’s plants at less money; but 
his friend counseled against such a move, as he should 
be fighting for more money instead of less. 

The young man came to me and asked me what I 
would do, and I answered: 

‘*Take the oiling job, by all means, Ed. 

‘Tt will pay you less money; but beggars can’t be 
choosers, and perhaps you will learn enough to make 
up for the loss in coin.”’ 

He took the job as oiler, while the other fellow still 
stayed in the boiler room at more money. 

It may seem strange, but they both obtained engi- 
neers’ licenses at practically the same date, and both 
were offered the same job a short while after. 

The job was offered to the former fireman first, but 
he refused, as the money paid was too little, but the oiler 
accepted, as he thought it was an advancement: 

The fireman stayed firing because the money paid 
was more, even though he held an engineer’s certificate; 
but the other fellow shifted, as did ‘‘A. A. W.’’ 


In 8 yr. from the time they both entered the boiler . 


November 1, 1917 


room, the one had changed jobs nine times, while the 
other had held down the same job and, I am forced to 
admit, accumulated many more shekels than the other. 
But the man of experience was getting ready to do some- 
thing, apparently, for a couple of years ago these same 
two young men applied for the same position, and the 
man of the varied experience landed the job, which has 
proved to be a good investment for both his employer 
and himself. The other young man is also in charge of 
a plant, but his salary is just a trifle over half of the 
other fellow’s. 

Now, what has all this got to do with a raise in 
salary? The man who gets the experience will sooner 
or later get the paying job. If you are worth more 
money than you are getting and can’t get it Where you 
are, go somewhere else. If you are qualified to take a 
bigger job, take it when it shows up; and if it is slow 
in showing up, go after it. 

The writer has worked as chief at present hydro- 
steam-electric plant for 14 yr., and has had salary 
doubled voluntarily. The 7 yr. preceding, the writer 
worked as assistant and chief in seven plants. I always 
raise my worthy help the limit voluntarily and just as 
promptly discharge the unworthy. T. THUMB. 


I WANT TO THANK those who offered suggestions as 
to securing a raise in salary, also for their criticism of 
indicator diagrams. I[’ll now tell you how I didn’t get 
the raise. I advertised for a chief engineer’s position 
and was offered charge of a power station at a substan- 
tial increase. My present employer decided to give me 
as much as I could get elsewhere. Having a day off 
duty, I took part of it looking over the new job. I 
found the chief running his own shift alone, having sent 
his oiler into the boiler room to replace a fireman who 
had gone out on a little celebration and had become 
‘filled with the spirit.’’? He seemed to be pretty busy 
running four large compound engines and looking after 
his switchboard. It didn’t take me long to make up 
my mind that my little old job was good enough for 
me at the same wages. In due time payday came, but 
I didn’t find any more money in my envelope; another 
payday, and it was just the same. (I am now doing 
some more advertising.) 

In regard to the indicator diagrams, the engine re- 
ferred to is belted to the same jack shaft as our water 
wheel, the engine acting as a governor for the water 
power. 

I want to tell a little experience with the indicator. 
Having a high-speed engine to indicate, I sent my indi- 
eator to a prominent maker of engineers’ instruments to 
put on a detent motion and cord take-up device. It 
came back with the frame of the instrument sprung 
and detent motion looking as if it had been designed by 
the office boy and stenographer; otherwise, in pretty 
good shape. I found by testing it that the parallel 


motion would not draw a line at right angles to the 


atmospheric line. I took off the drum and put the end 
of the frame in a vise and sprung it back into correct 
position. After putting it together, I found I had got it 
just right; at least, it will draw a line exactly vertical 
now. Moral: Don’t send your instruments to anybody 


for repairs except to the firm that made them. 
ee te 
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= Successful Hinks From The Plant. : 
= For Saving Time, Work and Croube a 
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Keeping Valve Stem Threads Free 
Many TIMEs I have gone up over the top of the boilers 
to open or close one of the valves, and found that a 14-in. 


wheel for additional leverage to move the stems. A 
great deal of dust and ash or coal dirt finds its way up 
there, and settles in the valve stem threads; more espe- 
cially does it stick there if the stems are oiled. If the 
stem threads are not cleaned out before operating it, 
some of the dirt is carried into the threads of the yoke, 
and after a while it packs in so tight that the stem 
works very stiffly. 
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THREAD CLEANING DEVICE 


To prevent this trouble, I made a sort of scraper out 
of an old packing ring spring, annealing and flattening 
it, then bending it to fit in the position shown, filing teeth 
to fit the thread pitch, and secure it to the yoke with 
a couple of 14-in. machine screws. I have fitted a num- 
ber of the large valves with these thread cleaners, and 
they well repay the odd time spent in making them. 

C. H. Witey. 





Unusual Method of Refitting Re-babbited Box 

THE THRUST BEARING of a turbine waterwheel be- 
came overheated and the babbit melted out. To take 
out the lower half of the box it was necessary to remove 
the stud bolts holding this to its pedestal, the bolts hold- 
ing the clutch lever and those holding the pedestal to 
lower the frame and to slide the pedestal out from 
under the box. 

After filling the oil ringways with clay, the upper 
half of the box was blocked up under the shaft, babbited 
and then properly fitted. 

Oil ringways and oil well of lower half of box were 
nearly filled with waste with a covering of clay added. 
The box was then placed under the shaft, the pedestal 
slipped in place, the box cemented and everything assem- 
bled as before taking down, with the exception of the 
clutch lever bolts between the two pedestals. The box 
was then babbited. 

Not having the necessary time to take down and fit, 

“ete were removed and washed out. The 


ee ents 


lll 


top half was put in place, the necessary shims fitted 
and then again removed. Clutch lever bolts between 
pedestals were replaced and lever adjusted to take care 
of the clutch properly. The wheel was started and 
water turned into box. Lava soap was then held against 
the shaft and the thrust rings which gave these parts 
and the bearing a fine polish. After about an hour’s 
treatment the box was washed free from soap, the oil 
chamber filled with oil and the upper half replaced and 
properly adjusted. It then ran without further trouble. 
C. A. Evsrert. 


A Readily Made Air Jack 


SHOWN IN THE accompanying illustration is a simple 
quick-acting air jack which readily may be made, for 
the greater part, from pipe and pipe fittings. The jack 
may be locked in various positions by means of the lock- 
ing dog placed on top of the cylinder fitting in any one 
of the grooves provided for the purpose in the piston 
rod. The seat on top of the piston rod should be made 
loose so as to form a swivel joint. 
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DETAILS AND SECTIONAL VIEW OF AIR JACK 


To operate the jack, place the air release valve in the 
closed position and open the air valve when after the 
jack has reached the proper height lock it by means of 
the locking dog. To lower, disengage the locking dog 
and open the air release valve. C. C. SPREEN. 


BECAUSE men do not undertsand, do not have the full 
knowledge of things, they become prejudiced, and preju- 
dice is one of man’s greatest enemies. To be prejudiced 
means to pre-judge, which destroys the sense of justice, 
prevents him from dealing fairly with others, and 
therefore with himself. It robs him of all powers to 
distinguish right from wrong.—Koehring Mixer. 
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A Massachusetts Examination 


FOLLOWING is a list of examination questions recently 
asked applicants for first class engineer’s license in the 
state of Massachusetts. The questions, together with the 
answers given, were submitted by Receiver. 

Assume having a hot well. 12 to 15 ft. below the 
engine room floor. How would you obtain the tempera- 
ture of the water in this well? 

A. Place a thermometer in the discharge pipe of 
the air pump. 

2. What other method could you employ ? 

A. Place a thermometer in a thermometer well pro- 
vided for the purpose in a small pipe connecting the 
hot well with the suction of the air pump. 

3. The area of a boiler stay is 1.68 sq. in., the allow- 
able strain per square inch of area is 6500 lb. and the 
area supported by each stay is 80 sq. in. According 
to this, how great a pressure would you allow the boiler 
to carry? 

A. Multiply the sectional area of the stay by the 
allowable strain and divide the product thus obtained 
by the area supported by the stay. Or, 1.68 times 6500, 
divided by 80 is equal to 136.5 Ib. 

4. Under what conditions will scale form over a 
bridge wall. 

A. When the fire in a furnace is banked, the lowest 
setting temperature will be found in the fire box. At 
this time the circulation of the water will tend to reverse 
and the sediment will deposit on thin surfaces of the 
shell which are the coolest, which in this case are those 
directly above the furnace and the bridge wall. 

Some claim that the great deposit of sediment at this 
point is due to the greatest evaporation taking place 
here when the boiler is working. 

5. How may the horsepower of an engine be 
increased ? 

A. By inereasing the mean effective pressure, by 
speeding up the engine, by installing a condenser or, if 
necessary, by using a larger cylinder. 

6. How are receivers protected from over pressure? 

A. By means of safety valves provided for the 
purpose. 

7. How would you determine the pressure at which 
to set this valve? 

A. Caleulate the safe working pressures for both 
the receiver and the low-pressure cylinder and set the 
valve to open at the lower pressure thus obtained. 

One way is to assume that each is built to carry a 
pressure which would allow equalizing the load between 
the two cylinders. We can then figure equal expansion 
in each cylinder in the following way: We will assume 
that the initial gage pressure is 120 lb., and that a 
vacuum of 25 in. is being maintained. The absolute 
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initial pressure is then equal to 120 plus 15, or 135 Ib. 
A 25-in. vacuum is practically equal to 25 divided by 
2, or 12.5. Fifteen minus 12.5 is equal to 2.5 lb. as the 
absolute back pressure in the low-pressure cylinder. 

The total number of expansions is equal to 135 
divided by 2.5, or 54, or in each cylinder is equal to the 
square root of 54, or about 7. Now the high-pressure 
terminal and receiver pressures are the same so that 
135 divided by 7 or 19 lb. is the allowable pressure. 

8. How would you proceed to set the valves of a 
compound engine provided with independent steam and 
exhaust valve eccentrics? 

A. Set the high-pressure valves first, and with the 
eccentrics on that side in position, do the best you can 
with the low-pressure side. 

9. A steam header supplies superheated steam to an 
engine and a turbine through individual branch leads. 
The superheat of the steam interferes with the proper 
operation of the engine. What might be done to avoid 
this trouble? 

A. If lubrication was interfered with and the oil 
did not give satisfactory service, it would be advisable 
to try another oil having a higher heat test. 

If, however, this did not help matters, you might 
then as a last resort try to reduce the temperature of 
the steam going to the engine by uncovering the branch 
lead connecting with this unit. And while the radiation 
losses would be increased thereby, the temperature of 
the steam would be brought near that corresponding 
to saturated steam of like pressure. 

10. How would you shut down a turbine? 

A. Trip the automatic safety stop. 


Al 


Boiler and Pump Questions 


Waar Is the maximum thickness of boiler plate used 
on stationary boilers? Why are they not 1 in. thick? 

2. Why are the valves of a duplex pump given 
lost motion ? 

3. Which of the two water leg plates of a Manning 
boiler is the thicker ? 

4, What other than low water and scale will cause 
the tubes at heads of horizontal fire-tube boilers to leak 
repeatedly after being rolled? F. J. G. 


ANSWERS 


IN GENERAL, stationary boilers have a shell thickness 
ranging from 14 to % in., although boiler plates have 
been made in special instances with a thickness of 114 in. 
When the thickness of the plate exceeds 1% in., the heat 
transmitting properties of the plate are reduced and 
boiler efficiency is lessened. Ordinarily a plate 1% in. or 
less in thickness provides sufficient strength to carry 
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standard pressures and a 1-in. thickness would not only 
inerease the cost of the boiler, but make it less efficient. 

2. Lost motion on the valve of a duplex pump allows 
the valve to remain motionless part of the stroke, thereby 
permitting the piston to make the full stroke before the 
valve is reversed. 

3. In the Manning boiler, the inner furnace sheet is 
invariably made thinner than the outer furnace sheet, 
owing to the fact that it is under compression. The 
outer furnace sheet is made thinner than it would be 
if it were not a staybolted cylinder, but the staybolts 
tend to prevent it from rupturing as it is being held by 
the staybolts, which, of course, are in tension, tending 
to collapse the inner shell. 

4. Leakage of the tubes of a return tubular boiler 
may be caused by excessive expansion and contraction 
as a result of sudden variations in temperature. Firing 
up the boiler too rapidly may bring that about. Leaky 
tubes are apt to be encountered if cold feed water is 


permitted to enter and be impinged on hot tubes. 
WwW. F. 


Calculating Charge for Heating Service 

THE QUESTION as to the best method of figuring the 
proper charge for heating service in a residence, where 
such heat is furnished by a central heating plant, has 
come to my attention, and I would like some of your 
good advice and information, also any suggestions that 
you can offer. Two methods are under consideration : 

1. Measurements taken from the outside of the build- 
ing multiplied by the height from the first floorline to 
the ceiling of the second floor. The cubical contents, 


as thus figured for the space actually heated, figured at 
4/9 e. per cu. ft. gives the price. 
2. The use of this formula: 


net exposed wall area < 7.5 
+ - 
85 85 
Exposed window and door area X 75 


Cubical contents 








85 
required radiation at 25 ¢. per sq. ft. 

In either case, the season would be Sept. 15 to June 1. 
Pipes must be covered in basement. Storm windows 
must be used. 

Water shall enter the building at not less than 130 
deg. F. when outside temperature is at 32 deg. F. and 
shall be raised 1 deg. for each drop of 1 deg. F. outside; 
heat of 70 deg. F. in the coldest weather guaranteed. 

The first method has been used and makes the cost 
about the same as use of anthracite, figured at $8 or 
$8.25 a ton. Second method is suggested, and on the 
face of the formula would greatly increase the cost. 

Are these methods, either or both, sanctioned or 
approved by engineers of recognized authority or experi- 
ence? Is there any better method or methods? If so, 
what? Have you any criticism to offer of the second 
method ? M. H. 

A. The rate of 4/9 ec. per cu. ft. of space heated 
corresponds very closely to the average of 19 central 
heating plants, tabulated, by the National District Heat- 
ing Association, which works out to 0.409 ¢. per cu. ft. 

The second formula is a variation from a formula 
frequently used for getting the radiating surface re- 
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quired. In its usual form this is: Add together the 
cubical contents, 10 times the exposed wall area, and 100 
times the exposed window and door area, and divide by 
70. On account of using storm windows, your rule has 
been made to give a somewhat smaller radiation surface 
than the above; but I should judge, for this climate, 
you would probably be all right. The rate of 25 e. per 
sq. ft. of radiation is rather higher than the average 
charged. For an average on 19 central hot-water heating 
plants, the rate per square foot of radiation was about 
20 ec. 

The temperature for your water in the building is 
practically right, and should give satisfactory results. 

I think the second method proposed is the more 
logical, as the first one takes no account whatever of 
the amount of glass surface or exposed wall surface, and 
this has a good deal of bearing on the radiation required 
to heat a building properly. Both methods have the 
sanction of practice, but the first one is more a rule of 
thumb and is liable to go wrong in case of any unusual 
exposure or construction of the building walls. 

A. L. R. 


Location of Fuse Plugs; Salinometer Readings 
Wit you kindly inform me as to the proper location 
of a fusible plug in a Seotch marine boiler? 
2. What reading of the salinometer should indicate 
an excessive volume of salt in water? 


3. How is the salinometer graduated? J. O. O. 


ANSWERS 


Locations of fusible plugs in Scotch boilers are as 
follows: Marine type, in combustion chamber; in dry 
back type, in rear head, not less than 2 in. above the 
upper row of tubes. 

2. It was formerly the practice not to let the satura- 
tion of the water in the boilers exceed 2/32. This limit 
to saturation has, however, been raised to 5/32, as less 
seale-forming matter is carried into the boiler at that 
density than at the lower one. The reason that less scale- 
forming material is carried into the boiler when the 
water is at a high density is that less water requires to 
be blown off and replaced. Besides this, there is the 
additional advantage in a high saturation of less waste 
of heat. 

3. <A salinometer is graduated by trial, placing it 
first in fresh water having the temperature at, say, 200 
deg. F. The depth to which the instrument sinks in 
water is marked on the glass tube. It is.then placed 
in water having the same temperature and containing 
1/32 part of salt. The depth to which the instrument 
now sinks is the sea-water mark, and it is also marked on 
the tube. This operation is repeated with water con- 
taining 2/32, 3/32, and so on up to 12/32 part of salt, 
always taking care that the temperature of the water is 
exactly 200 deg. F. The marks on the tube are trans. 
ferred to a paper scale, which is pasted to the inside of 
the tube in exactly the same position as the marks on 
the tube. The distances between the marks are usually 
divided into halves, quarters and eighths. If the sal- 
inometer is to give a correct reading at 190 deg. F. or 
210 deg. F., the process of graduating must, of course, 
be carried out at the desired temperature throughout. 
Knowing the process of graduation, a salinometer can be 








improvised out of a piece of thin tubing, a tall and 
slender bottle, ete. 

If the hydrometer is placed in a vessel containing 
some water drawn from the boiler and having a tempera- 
ture equal to that at which the instrument was gradu- 
ated, it will sink to a depth corresponding to the density 
of the water, and the saturation may be read off on the 
scale. For instance, if the hydrometer sinks to the 2% 
graduation on the scale, it means that here is 2% Ib. 
of solid matter in every 32 lb. of water. 

Should the temperature of the water under test vary 
from the temperature at which the hydrometer was grad- 
uated, the indication of the hydrometer will not be 
correct. This is due to the difference in density of water 
at different temperatures. Allowance may be made for 
this error in the following manner. The indication of 
the hydrometer will vary 1/80 part of 1 lb. of solid 
matter for every degree the temperature of the water 
varies from the temperature at which the hydrometer 
scale was marked. 

Thus, if the temperature is 205 deg. F., a hydrometer 
graduated at 200 deg. F. will show 5/80 part of 1 Ib. 
of solid matter less than there really is in the water. 
For instance, the temperature of the water being 205 
deg. F., and the hydrometer indicating 1 15/16 lb. of salt, 
the actual amount of salt will be 5/80 of 1 lb. more, and 
as 5/80=1/16, 115/16 + 1/16 = 2 lb. will be the 
actual saturation. Also, if the temperature of the water 
is less, the indication of the hydrometer will be too high. 
For example, the temperature of the water being 180 
deg. F., and the hydrometer indicating 214 lb., the indi- 
cation will be 20/80 Ib. too high. Subtracting 20/80 — 
14 from 214, 2 lb. is found to be the true amount of 
solid matter in every 32 lb. of the water drawn from 
the boiler. O. H. H. 


Casehardening Machine Steel 


AAVING EXPERIENCED considerable difficulty in obtain- 
ing satisfactory results in our endeavor to caseharden 
machine steel, I am prompted to make inquiry of you 
as to the best method, or process, by which this quality 
of steel can be successfully treated. 

F. GEBHARDT. 


A. Carbonizing, or casehardening, is a form of heat 
treatment designed to produce a hard wearing surface 
on a tough interior. The process is applicable to 
wrought iron, mild steel and certain of the alloy steels, 
and is in principle the same as the cementation process 
for the manufacture of crucible cast steel. The articles 
to be treated are placed in a east-steel box and packed 
around with carbonizing mixture. The cover is then 
sealed on, and the box raised to a bright cherry red heat, 
say, 955 deg. C. (1750 deg. F.), preferably in a gas-fired 
oven or furnace in which a reducing atmosphere is 
maintained, the temperature being regulated by means 
of a pyrometer. The temperature is kept up for some 
time, depending on the depth of ‘‘case’’ required, and 
the carbonizing medium used. The box and its contents 
are allowed to cool down before opening, and after clean- 
ing, the articles are ready for the second operation of 
re-heating and quenching. The surface to the depth of 
1/16 in. or more has been converted into high-carbon 
steel, which is hardened by this latter treatment. The 


core in the interior is required to remain tough and 
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fibrous, and it is desirable to bring out fully the fine- 
grained structure by a second heating to the proper 
temperature, say, 871 deg. C. (1600 deg. F.), followed 
by quenching in cold water. 

Messrs. Vickers, Ltd., of Sheffield, state that a much 
better result is obtained by first heating to 899 deg. C. 
(1650 deg. F.) and quenching in cold water, then re- 
heating to 788 deg. C. (1450 deg. F.) and again quench- 
ing in cold-water. This gives a fine white glass-hard 
skin, with a very tough and fibrous backing. 

The casehardening mixture consists of certain sub- 
stances rich in carbon, usually of organic origin, and 
containing also nitrogenous matter. The presence of 
nitrogen appears to he essential, carbon alone being very 
feeble in its action. Bone dust, horn, hoof and hide 
clippings, scraps of leather and similar substances are 
specially prepared by calcination and charring, and 
sometimes mixed with a quantity of vegetable oil. Cer- 
tain chemicals, such as barium carbonate and yellow 
prussiate of potash, are also occasionally added, and this 
latter substance alone, when powdered and sprinkled 
upon a surface of wrought iron or mild steel which has 
been raised to a cherry red heat, is capable of producing 
a very thin casing. 

To produce a casehardened article having a hard 
skin with an interior core of tough ductile character 
capable of resisting fracture under shock, it is not essen- 
tial, as commonly assumed, to use very soft steel of low 
tensile strength. Casehardening nickel steel is now pro- 
duced, giving an exceedingly hard skin with an interior 
core of high tensile strength, but, at the same time, an 
entire absence of brittleness. Messrs. Vickers, Ltd., 
who are well known as makers of this and other types 
of special steel, state that to obtain a thickness of skin 
of 1/32 in., suitable for gear wheels, etc., the articles 
should be heated to 1750 deg. F. in any commonly used 
easing mixture. At the end of 2 or 3 hr. the box con- 
taining the articles should be allowed to cool slowly. 
When cold, they should be removed and heated in a gas 
muffle furnace for hardening. With casehardening 
nickel steel, two entirely different results may be ob- 
tained by hardening in cold or in boiling water. 
Quenching in the latter gives a rather softer skin, and a 
much softer core. For hardening in cold water, the tem- 
perature should be raised to 760 deg. C. (1400 deg. F.), 
the steel removed from the furnace, allowed to cool a 
few degrees in the air, and then quenched. To harden 
in boiling water, the article is heated to 1450 deg. F., 
and at once plunged into actually boiling water. The 
results obtained are shown in the following table: 


TENSILE TESTS OF VICKERS’ CASEHARDENING NICKEL 


STEEL 
— a Se se 
mi n; rt 

er. Toneger Tompe | SSE! rerCat 
Softened for machining... 28.0 33.0 33.0 65.0 

Quenched in boiling water 
from 1450 deg. F....... 30.0 36.5 32.0 70.0 

Quenched in cold water 

from 1450 deg. F....... 61.6 67.6 16.0 57.0 


The special alloy steels so much used in motor car 
construction, where it is desired to bring out great 
strength and toughness, together with fatigue and shock- 
resisting properties, are subjected to a form of heat 
treatment which must be carried out with great care 
and extreme accuracy. For instance, chrome-vanadium 
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steel for crankshafts is first heated to 849 deg. C. (1560 
deg. F.) for 34 hr., and is quenched in oil. It then 
undergoes a process of annealing for about 8 hr. in a 
bath of molten lead, and is finally allowed to cool down 
in lime. ed 


How May He Eliminate the Rattle? 

FOLLOWING are some of the suggestions and remedies 
offered by readers of Power Plant Engineering relative 
to the engine valve trouble of G. R., published on page 
748 of the Sept. 15 issue. 

The rattling referred to is probably caused by vary- 
ing and unequal pressures on the two sides of the exhaust 
valves. The valves may first be lifted from their seats 
by the pressure in the exhaust pipe increasing above 
that in the cylinder and then dropped when the pressure 
on the two sides is equalized by. the opening of the port. 

No doubt the light load results in a very short cutoff, 
allowing the steam to expand below that in the exhaust 
line; the only remedy for this is a reduction of boiler 
pressure. 

Rattling may also be caused by the valves moving 
endwise in their chambers, although this would be 
accompanied by more of a knock than a rattle. 

End motion may be eliminated by removing the back 
bonnets from the valve chambers and placing a sheet 
metal shim between the end of the valve and the bonnet. 

C. B. Hupson. 

THE GENERAL CAUSE Of this trouble is too early cutoff. 
The steam expanding below atmospheric pressure, the 
exhaust valves are lifted from their seats by the unequal 
pressure. When the steam valve opens, the steam rushes 
in and sends the valve down onto the seat again, pro- 
ducing a rattle; the greater the boiler pressure, the 
greater will be the noise. 

G. R. states that this occurs when the steam pressure 
rises. If such is the case, the easiest and quickest way 
to stop the rattle is to reduce the boiler pressure to a 
point which will bring the terminal pressure to about 
16 or 17 lb. absolute; as this is above the atmospheric 
pressure in the exhaust pipe, the valves will remain on 
their seats. 

A eross compound condensing engine will rattle the 
same on very light loads on the low-pressure side, espe- 
cially if there is a vacuum in the receiver. The remedy 
in such a ease is to shorten the cutoff on the low-pressure 
side eneugh to raise the receiver pressure to zero or 
above. But with a single cylinder noncondensing engine 
there are not so many changes possible. The most com- 
mon is to reduce the boiler pressure and keep it down 
to that point until such time as sufficient load may be 
added to the engine. If the engine is too large for the 
load, it would be better to put a smaller cylinder on the 
engine or have the old one bushed to receive a smaller 
piston. If this is done, the bush must be most carefully 
fitted, or it may work loose, or, if the bushing is fitted. 
too tightly expansion may cause a crack or fracture of 
the cylinder, so that in the end a new and smaller cyl- 
inder may be the cheaper. 

Shoulders worn on the seats of the valves will also 
cause a clicking sound, the noise increasing as the boiler 
pressure increases. Broken snap packing rings or rings 
not fitting the grooves in the piston will also cause a 
clicking and rattling noise in the cylinder which may 
appear to be in the valves. R. A. Cura. 
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THIS TROUBLE is probably caused by the steam cutting 
off so early in the stroke that it expands below the 
atmospheric pressure and forms a partial vacuum in 
the cylinder which raises the valves from their seats. 
Then when the valves open, they drop back again, caus- 
ing a rattling and snapping sound. 

I will give a description of a method I used to over- 
come a bad ease of valve rattle: 

The engine was an 18 by 36-in. Nagle Corliss, single 
eccentric, running 85 r.p.m. on 90 lb. of steam and doing 
duty in a lighting plant. 

With a medium or heavy load this engine ran fine, 
but with an exceptionally light load such as was carried 
from midnight until morning, the valves were very noisy. 

I noticed, with steam at about 50 lb. and the load 
light, that the valves ran more quietly, but it was impos- 
sible to operate at this pressure on account of having to 
operate a steam pump on full boiler pressure. 

One night, as the load became light and the valves 
started to rattle, I opened both valves on the indicator 
pipe and let steam blow through the pipe from one end 
of the cylinder to the other. The valve quieted down at 
once. Enough steam from the high-pressure side of 
piston flowed through the pipe to the exhaust side and 
prevented a vacuum from forming and causing an un- 
balanced condition of the valves. This was, of course, a 
waste of steam; but it produced the desired results for 
the time being. 

I would suggest that G. R. make adjustments so that 
release and compression take place later, if he has a 
single eccentric engine. Retarding the eccentric will 
make all events taken place later, and he may have to 
give the steam valves less lap by shortening the radial 
rods and making the valve open sooner. H. B. 


Can You Suggest a Remedy ? 

WE HAvE a 12-hp., 3-cycle, vertical gas engine, which 
has been in service for about 10 yr. During all this time 
it has received good attention, but for the past year we 
have had complaint of it requiring more frequent replen- 
ishing of the oil supply in the crank case, the oil working 
up past the pistons. We also installed a 2-cycle ver- 
tical, 20-hp. only a year ago, and 1 or 2 hr. operation 
so much oil will work up past the pistons that it will 
ooze out around the igniters and drown cut the igniters 
until they fail to operate. 

We have tried lowering the height of 


12 oil in the 


crank case in these engines to almost the «anger point 
and have put uew rings on the pistons, hut with no 
improvement. 


On a recent visit to another city I stepped into a 
plant where there was a 4-cycle vertical engine, which 
was being dismantled to clean the oil off the pistons and 
cylinders and I was told this was a common occurrence, 
although this engine has been in service little more 


than a year. 
Can any of the readers give us a remeay fer this 
trouble? West Va. Traction & Electric Co. 
C. E. N. 


THE TEMPERATURE Of a boiler tube is within 20 to 35 
deg. F. of that of the boiler water, and the temperature 
of the tube is affected very little by the temperature of 
the hot gases, but follows the temperature of the water 
in the boiler—A. S. M. E. Journal. 
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Saving Coal and the Bonus System 


Nearly all of our present industries depend to a great 
extent upon coal to keep them going. Without an 
adequate supply, the production of equipment for war 
must halt; transportation facilities will be greatly 
reduced, not only on steam railroads but street car 
service will be greatly reduced, thus interfering with 
city traffic ; the homes throughout the country will suffer 
with cold. Today, with railroads and manufacturing 
establishments carrying on business to an extent never 
experienced before and at the same time a scarcity of 
labor in coal mines, the saving of coal is a duty every 
man who uses coal owes to the government, the indus- 
tries of the country and the homes of his fellow men. 

It was stated recently by Van H. Manning, director 
of the Bureau of Mines that if consumers could be 
aroused to an intelligent consideration of the burning 
of coal they could begin to save ten per cent of the 
production (600,000,000 tons) at once. With more effort, 
through instruction and a moderate remodeling of coal 
burning equipment, which could all be accomplished 
during the war, a further considerable saving can be 
made. 

It would obviously be impractical to scrap all out-of- 
date power plant equipment. We must start by doing 
the best we can with what we have. Saving coal at once 
is a necessity, for the present output of the mines, 
although somewhat better than last year at this time, 
is not sufficiently greater to meet the demands of in- 
creased business. This problem is personal. It deals 
with the human element. The man with the shovel must 
appreciate the situation and work to effect a substantial 
saving. 

About fifteen million people shovel the 20 per cent of 
our coal used for domestic purposes. Only two hundred 
and fifty thousand firemen shovel the sixty-odd per cent 
of our coal used by power plants and railroads. While 
each householder should recognize his duty, greatest 
efforts must be made in the coal using industries. 

The average householder is interested in saving coal 
for financial reasons and should realize that when he 
throws a shovelful of anthracite coal in his furnace its 
value is equivalent to half a pound of sugar, or half 
a loaf of bread, or a pint of milk. The possibilities of 
savings in homes are considerable, for few homes are 
properly provided with weatherstrips, double windows, 
pipe coverings, damper regulators, tight fittings in ash 
pits, furnace doors and dampers, and too little attention 
is given to keeping tubes and flues free from scale and 
soot. Much saving of fuel can be effected by thought 
and care in firing house furnaces and too little attention 
is given to the humidity of the atmosphere in homes, for 
comfortable temperature with proper humidity is several 
degrees below what will be comfortable when the air is 
of low humidity. 

To the firemen in power plants and on railroads, 
however, we must look for the greatest saving. Entirely 
too many manufacturers make a mistake in failing to 
consider the fireman as a skilled workman. Too often 
he is treated as a mere coal passer. His instructions 
are frequently little more than to keep steam pressure 
up and water level within reasonable limits. Without 
careful training and proper instruments for observing 
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furnace conditions, the fireman’s efficiency must be low. 
The encouraging feature in the present situation is the 
existing condition just mentioned, for we believe em- 
ployers, in their earnest efforts to reduce coal costs, will 
turn their attentions to the much neglected firemen who 
are as a rule doing their best but without the proper 
co-operation from authorities high up. It is no longer 
cheaper to pay for coal than to secure good firing. 

As one solution to the problem of fuel saving, we 
are firm believers in the bonus system, for no man will 
put his best thought and energy into his work without 
proper incentive. With young men that incentive may 
be, and usually is, the desire for experience and intimate 
knowledge of his duties; with older and experienced 
men the financial side usually appeals niost strongly, and 
here is where the bonus system serves best. Care, how- 
ever, must be taken to plan a system that will affect 
individuals responsible for the result rather than a group, 
in other words, one which is fair and equitable. 

Such a system, we believe to be that suggested by 
Jos. W. Hays, in which he holds the fireman responsible 
for the combustion efficiency of his furnace. When the 
boilers and furnaces are in proper condition the efficiency 
of the men in charge of the furnaces is a close measure 
of the efficiency with which the steam is generated. Since 
the percentage of CO, in the flue gases measures quite 
accurately the efficiency of combustion, the necessary 
information for applying the system is readily obtain- 
able. To encourage the firemen, however, all reasonable 
aid should be given them in the way of instruments and 
instructions by which they can better their record. 


“Gas and Flame” Engineers 


Expert MECHANICS AND CHEMICAL WORKERS 
ARE WANTED TO SERVE WHERE SKILL AND Ex- 
PERIENCE ARE NEEDED. THE ‘‘GAS AND FLAMB’’ 
SERVICE oF ARMy ENGINEERS NEEDS You Now 


OWER Plant Engineering has been called upon by 
P the Commanding Officer of the 30th Engineers to 

help in mobilizing the personnel of a ‘‘Gas and 
Flame’’ Service Regiment. This regiment is being 
recruited now from men volunteering for the service, and 
will be ready to go ‘‘over there’’ by Thanksgiving. It 
is a regiment for skilled, practical men, who will be called 
upon at once to demonstrate their worth and skill. 

Major Atkisson, of the 30th Engineers, authorizes 
the following statement : 

Enlistment in the ‘‘Gas and Flame’’ Regiment offers 
opportunity to skilled men, to be used and recognized 
as men skilled in their trade, and should appeal to men 
who have previously felt that they were most needed at 
home, because of their special training and experience. 

The regiment will be required in the field of opera- 
tion to supervise the American offensive in ‘‘Gas and 
Flame’’ service and will be called upon to instruct men 
all along the front in this most important work. Con- 
sequently these men, all volunteers, will be in the thick 
of the greatest activities. 

The 30th is the pioneer regiment in the ‘‘Gas and 
Flame’”’ service, hence men who enlist now will be leaders 
in the spring offensive. 


POWER PLANT 
ENGINEERING 873 








Wuo Can QUALIFY 


CHEmIsts (analytical, research and manufacturing), 
chemical workers, powdermen, men experienced in gas 
manufacture, machinists, automobile repair men, men 
able to operate and repair gas or steam engines, pipe 
fitters, electricians, designers, interpreters, carpenters, 
blacksmiths, plumbers, boiler-makers and chauffeurs. 
Men with long experience in their trade are especially 
desired to fill the Master Engineer grades. 

All men enlisted in the Thirtieth must have good mus- 
cular development and be capable of undergoing active 
service at the front. Men are wanted who know how to 
take care of themselves, who are active, energetic, and 
have a strong determination to carry out any mission to 
which they may be detailed. 

Loyal American citizens with the above qualifications 
between 18 and 40 yr. of age, who have not actually been 
ealled by a local board in the draft, are eligible. 


OFFICERS AND SPECIALISTS 


CotonEeL A. A. Fries, Engineers, N. A., is to be the 
Commanding Officer of the 30th Engineers. He is a 
regular officer of the Corps of Engineers with many 
years’ experience in military and civil engineering. 
Colonel Fries is now in France and is ‘‘Chief of the 
Gas Service.”’ 

Major E. J. Atkisson, Corps of Engineers, is organ- 
izing the first battalion of the 30th Engineers at Camp 
American University, D. C. He is a graduate of West 
Point and of Cornell University. Major Atkisson has 
specialized in Electrical and Mechanical Engineering. 
His assignments have included: Director of Electrical 
and Mechanical Engineering, Engineer School, U. S. 
Army, and Superintendent, Gatun Locks, Panama Canal. 


How to ENLIst 


Go To the nearest recruiting station or U. S. District 
Engineering Office, state fully and clearly your qualifi- 
cations and that you wish to be enlisted in the 30th 
Regiment of Engineers (Gas and Flame). The officer 
in charge will examine you physically and pass upon 
your qualifications. If accepted, you will be enlisted 
and immediately sent to Headquarters of the 30th Regi- 
ment of Engineers at Camp American University, D. C. 

All men must first enlist as privates, the rate of pay 
being $33 a month and expenses. Men with the necessary 
experience may be assigned to special duties and given 
non-commissioned rank at rates of pay ranging from 
$40.20 to $96 a month and expenses. The latter include, 
for both privates and non-commissioned officers, food, 
clothing, medical attendance and transportation. Those 
who enlist will be eligible immediately for promotion, 
according to their ability and as openings occur. Men 
who enlist now will have excellent opportunities for pro- 
motion as the service expands. 

Everysopy Can HELP 

Ir not qualified for enlistment, get at least one man 
to volunteer. You can be an immense help in this way 
even if you yourself are not in a position to serve. 

2. Get this announcement printed in your local news- 
papers. This is exceedingly «mportant. 

3. Manufacturers, see that a few men of your organi- 
zation respond to this eall. 
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Unusual Experience with Pipe* 
RDINARY pipe is used in various industries and 
some peculiar experiences are encountered. We 
mention below some unusual or ‘‘freak’’ incidents 
in which the inherent qualities of ‘‘punishability’’ of 
pipe are demonstrated—for the most part by unusual 
accidents. As will be noted, it would be practically 





FIG. 1. TELESCOPED PIPE FROM OIL WELL 


impossible to duplicate the circumstances involved in 
connection with many of the various pieces shown. 

A string of 340 ft. of 10-in., 32,515-lb., South Penn. 
oil well casing fell 236 ft. when an elevator let go. 
Figure 1 shows what happened to the bottom length 





FIG. 2. THREE-IN-ONE SECTION CASING 


when the casing hit the bottom of the well. The thread 
protector was forced over the threads and up over the 
pipe approximately 12 or 13 in., and the pipe was bent 
backward and inward. As will be noted, however, the 





*Information supplied from files of Research Department of National 
Tube Co. 


material shows no fracture. 
Uklahoma field. 

Figure 2 shows ‘‘3 in 1”’ section of easing. There 
was a string 1440 ft. long, of 814-in., 24-lb. steel casing; 
the elevator let go and the string, weighing somewhere 
over 34,000 lb., dropped 200 ft. to a bottom of limestone. 
The three sections on the bottom were telescoped—one 
inside and one outside. It will be noted, there was no 
failure in the weld, the three lengths telescoped without 
acrack. The exterior apparently shows a straight length 
of casing. The particular piece shown was machined 
to show the three separate sections as telescoped. 

Note the circumstances are substantially the same as 
Fig. 1, but the results radically different. This happened 
in the Ohio field. 


This happened in the 





FIG. 4. AN UNUSUALLY SEVERE TWIST 


In Fig. 3 are 26 lengths of 4-in. rotary pipe, about 
500 ft. in length. The well was about 2000 ft. deep 
and all the pipe was out of the ground excepting this 
particular 26 lengths when the gas began to show up 
and blew the pipe completely out of the well, without 
making a sign of a break in a single joint of the 26 
lengths. One of the operators well said that this pipe 
was ‘‘flexible as a giant whiplash.’’ This happened 
in the Texas field. 

Figure 4 shows a piece of 8-in. line pipe subjected to 
a twisting strain of 713,000 in.-lb. In appearance this 
is almost like a piece of rubber, and yet when it is 
remembered that this pipe has a thickness of about % 
in. and weighs about 29 lb. per ft., the enormous twist- 





FIG. 
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ing strain can be appreciated. No sign of fracture 
appears in the material. 

Figure 5 illustrates a number of pieces of pipe weld- 
ed together by the autogenous welding process and then 
bent into the shape shown. The white or frosted effect 
is due to the fact that this was connected up with a 
refrigerating machine and all the pipe is covered: with 
a thick frost. 


FIG. 5. PIPE WHICH HAS BEEN WELDED AND BENT 


Figure 6 shows a bow-knot made from pipe and is 
self explanatory. These unusual pieces of pipe tend 
to show the inherent reserve strength of tubular material. 

A few years ago, it would have been impossible to 
secure pipe with physical properties such as shown, and 
these specific examples reflect the advance and improve: 
ment in metallurgical methods and practice in the manu- 
facture of steel for pipe. 


Use of a Truck Loader 


EING CONFRONTED with the problem of loading 
coal from their ground storage pile by other means 
than hand shovelers, the American Optical Co., of 

Southbridge, Mass., found a solution by purchasing a 
Link-Belt wagon and truck loader. This machine loads 


i, 


AV tU Ty 


we 
2 


WAGON AND TRUCK LOADER USED BY AMERICAN OPTICAL CO., 
SOUTHBRIDGE, MASS. 


the material at the rate of one ton per minute and re- 
quires but one man for operating thereby cutting down 
the operating costs. Their situation was peculiar in that 
the coal storage pile was some distance from their power 
house, and thus required transportation and transferring 
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of coal before it reached the boilers. The truck is kept 
on the ‘‘go’’ constantly, as it requires only a few 
minutes to load it. 

The bituminous coal arrives by the carload and is 
dumped from the trestle to the ground storage pile. It 
is then loaded into trucks by the loader for transporta- 
tion to the power house, where it is again transferred 
and fed to the automatic boiler stokers. 


FIG. 6. A BOW-KNOT OF PIPE 


The automatic loader illustrated is operated by an 
electric motor and loads the truck shown beside it in 
about 5 min. With the use of this machine they have 
reduced the cost of handling their coal as well as gravel, 
over 50 per cent, and the same machine is also used in 
their sand bank, with very good results. It enables them 
to handle in one day as much as was formerly handled 
in two days. Not long ago the loader loaded 80 eu. yd. 
of earth which was carried one-half mile round trip by 
a two-ton truck in one day. 


Two-Bearing, Three-Unit Motor- 
Generator Sets 


WO rubber manufacturing companies in Ohio have 
each recently installed two three-wire, direct-cur- 
rent motor-generator sets that in construction are 

a departure from the usual practice. Instead of being 
of the old four-bearing, three-unit type or the two-unit 
type with a three-wire generator as one of the units, 














FIVE HUNDRED-KW., 720-R.P.M., THREE-UNIT SYNCHRONOUS 
MOTOR-GENERATOR SET 


these sets consist of three units with only two bearings. 
These sets, which were designed and built by the 
Crocker-Wheeler Co., consist of an 845-kv.a. 2200-volt, 50- 
cycle, 3-phase synchronous motor driving two 250-kw. 
125-volt compound-wound interpole generators. 
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The use of three units results in greater unbalance 
overload capacity and greater flexibility of the direct- 
current voltage than is obtainable with a two-unit set 
having a three-wire generator as one of the units. 

As compared with the old four-bearing, three-unit 
construction, these two-bearing units are much simpler 
in construction and have the following advantages: The 
absence of outboard bearings makes the brushes more 
accessible for adjustment and the unit can be assembled, 
dismounted and cleaned more readily. Perfect bearing 
alinement can also be secured with greater ease as self- 
alining bearings are used. The machines can, hence, be 
erected with less labor. Because of the shorter length 
of the set, less floor space is required. Couplings which 
in some cases constitute a weak link are eliminated. 


New Westinghouse Oil Circuit 


Breakers 


YPES E-6 and E-7 oil circuit breakers are part of 
if a complete line recently developed by the West- 

inghouse Electric & Mfg. Co. as a modification of 
Types E-2 and E-4 breakers, which were the first break- 
ers of medium rupturing capacity to be furnished for 
wall or pipe mounting without the need of a cell 
structure. 

Types E-6 and E-7 breakers range in capacities from 
300 to 1200 amp. at 23,000 v., and from 1600 to 2000 
amp. at 16,500 v. Type E-6 is for cell mounting, and 
Type E-7 for wall or pipe mounting. Operation may be 
manual, by bell cranks, or electric by solenoids, control 
in both eases being from the switchboard. All steel 
construction is used, thus providing breakers exception- 
ally compact for their rupturing capacity, which ranges 
from 35,000 to 40,000 kv.a. at maximum rated voltage 
with proportionately higher capacities for lower voltages. 
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WESTINGHOUSE TYPE E-6 OIL CIRCUIT BREAKER 


These breakers are of the unit-pole type, made up 
by combining single poles mechanically connected for 
control by single hand lever or electric solenoid, which 
permits spacing according to local conditions. For cell 
mounting, one of the new and especially valuable fea- 
tures is a convenient arrangement by which the steel 
base of each pole unit is held in channel irons built into 
the cell walls. These units are, therefore, easily slid in 
and out of these channels, and when in service, are 
tightly clamped in place by set screws. Another new 
feature in the standard arrangement of electric oper- 
ating solenoids for cell mounting breakers, is the mount- 
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ing of the single pole solenoid complete with its mechan- 
ism on a plate and channel frame fastened to the top 
of the cell structure. In the pipe or wall mounting 
form of breakers, the pole units are mounted on hori- 
zontal pipe supports. Manually operated breakers are 
full automatic in operation, and the electrically operated 
breakers can be made full automatic by special arrange- 
ment. 

To break the are as quickly as possible after the 
breaker starts to open, these breakers are provided with 
accelerating springs. An adjustable air cylinder dash- 
pot is furnished to take up the shock of the moving parts 
at the full open position. The contacts open by gravity, 
assisted by the accelerating spring referred to. The 
moving contacts are of the laminated brush type amply 
protected from arcing by butt type arcing contacts of 
increased size. One of the features of special importance 
introduced into all of the breakers is the ability to clear 
the system of a short circuit up to its rated capacity 
3 times without attention to contacts, which will still be 
in such condition that the breaker may be closed and 
operated after the third short circuit. 

The tanks are elliptical in form, of double lap welded 
sheet steel, conveniently arranged for mounting and 
dismounting. 


Auto Truck Runs Pipe Threader 


HAT ‘‘necessity is the mother of invention’’ is 

T amply proven by the accompanying illustration. 

C. Risager, a wide-awake, progressive plumber 

of Aberdeen, S. Dak., received the contract for a large 

plumbing and heating job several miles out in the 
country. The work had to be done in a hurry. 

Mr. Risager, not caring to go to the expense of 
moving a heavy stationary power machine (weighing a 
ton or so), secured a shaft having a universal joint 
at each end. One end of this shaft he fitted to the 
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DRIVING A BEAVER DIE STOCK WITH AN AUTO TRUCK 


rear axle, of his Ford truck, and the other end to the 
driving pinion of a No. 41 ‘‘Beaver’’ easy working die 
stock, threading pipe from 21% to 4 in. 

Mr. Risager states that this ingenious arrangement 
has proven absolutely satisfactory, and in the future 
he will never worry about threading a large amount 
of 4-in. pipe out on the job. 

The home-made arrangement did the work! 


WE ALL want to go to heaven—but there is no demand 
for rapid transit.—Colorado S. of M. Magazine. 
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News Notes 


THE CHICAGO OFFICE of the Ashton Valve Co. will 
hereafter be located at 318 W. Washington St., Chicago. 


CHARLES C. CHEYNEY, manager of the Chicago office 
and store of the Buffalo Forge Co., has a commission 
in the Naval Aeronautic Corps and is beach engineer 
at Pensacola, Fla., in charge of aeroplane engines. 


Gricas & Myers, consulting engineers, New York 
City, have under their charge the design and installa- 
tion of a 12,000-kw. power station for the Wright Wire 
Co. of Worcester and Palmer, Mass. The plant is to 
be used in connection with the present works at Palmer 
and for large future developments. 


C. F. Goopricu, assistant manager of the Buffalo 
Forge Co.’s Boston office, has left for active duty as 
First Lieutenant in the Ordnance Department, and is 
stationed at the Watervliet Arsenal. 

Don R. Marsh, production manager with the same 
company, has given up his work to assume similar duties 
at Washington in the production of ammunition. Mr. 
Marsh will receive a Captain’s commission. 


Catalog Notes 


FROM THE BIGELOW CO., New Haven, Conn., 
is received an attractive and interesting book giving 
the features of the Bigelow-Hornsby water-tube boiler. 
This describes in detail the construction features, deal- 
ing with the size of units, the circulation, economy, 
heating surface, baffling and smoke flue connection, 
superheating, accessibility, furnace construction, the fea- 
tures of strength, safety and portability, and shows by 
large, clear illustrations the details of a number of impor- 
tant installations. 

A valuable feature of the book is a table of the prop- 
erties of saturated steam, and the properties of super- 
heated steam, adapted from Marks & Davis tables. The 
book is substantially bound in heavy cloth covers, and 
will be found an addition to the working library of the 
power plant engineer. 


SPRACO PRODUCTS ineluding spray cooling, air 
washing and cooling, and paint spraying equipment, 
park sprinklers, flow meters, and nozzles for all pur- 
poses, are illustrated in Bulletin No. 501, which gives 
a condensed summarization of the principal Spraco 
developments of which Spray Engineering Co., 93 Fed- 
eral St., Boston, Mass., is the manufacturer. 

Spraco pneumatic painting equipment is described 
in the company’s Bulletin No. 311. 


WIRE IN ELECTRICAL CONSTRUCTION, a 
cloth-bound book published by John A. Roebling’s Sons 
Co., Trenton, N. J., contains useful information as fol- 
lows: Weights and measures, conversion tables, areas of 
circles, wire gages, copper, aluminum, steel and bronze 
wire, properties of metals, electric transmission of power, 
galvanized strand, river crossing wire, trolley wire, in- 
sulated wires, insulations, different styles of cables. 


BULLETIN NO. 46,028, describing the Temperature 
Indicator, is being distributed by the General Electric 
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Co. The Temperature Indicator equipment, as ex- 
plained, affords a convenient and rapid means of indi- 
cating continuously, at the switchboard, the temperature 
of various portions of the windings of electrical machin- 
ery under operating conditions. Temperature Indicators 
are furnished mounted on small marble or slate panels 
on wall supports measuring 31 by 16 by 1% in. 


NONPAREIL INSULATING BRICK for boiler 
settings is the subject of a cireular from Armstrong Cork 
& Insulation Co., Pittsburgh, Pa. 


THE PROVIDENCE FITTINGS CO., Auburn, 
R. I., has lately issued a folder giving description and 
prices of the Excel union. 


NEW PUBLICATIONS of Link-Belt Co., Chicago, 
are Folder No. 340, Link-Belt Sand and Gravel Washery 
at Raritan Ridge Clay Co., and Book No. 343, Link-Belt 
Rope Tramway System. 


GRINNELL AUTOMATIC SPRINKLER Bulletin 
No. 90 was recently received. This quarter’s issue refers 
particularly to the installation of Grinnell sprinklers by 
firms in the printing industry. 


BULLETIN W-308, containing 52 pages covering 
Duplex Piston Pattern Pumps, has just been received 
from Worthington Pump & Machinery Corporation, 115 
Broadway, New York City. 


LET 8 PER CENT MAGNESIA Defend Your 
Steam is the title of a pamphlet presenting a study of 
the cause and prevention of heat losses in the trans- 
mission of steam for power or heating purposes. This 
pamphlet is sent out by the Magnesia Association of 
America; office of the secretary, 702 Bulletin Bldg., 
Philadelphia. 


FROM BURT MFG. CO., Akron, Ohio, we have just 
received a 128-page catalog giving description, illus- 
trations and price lists of Cross American and Warden 
oil filters, the Burt oil filtering system, Burt and Stand- 
ard exhaust heads, the Burt combination skylight and 
ventilator, and the Burt rotary ventilator. 


THE TWENTY-SIXTH annual edition of Hen- 
dricks’ Commercial Register of the United States for 
Buyers and Sellers has just been published, by S. E. 
Hendricks Co., Inc., 2 W. 13th St., New York. This 
standard publication is especially devoted to the inter- 
ests of the architectural, engineering, contracting, elec- 
trical, hardware, iron, mechanical, mill, mining, quarry- 
ing, railroad, steel and kindred industries. Full lists 
are included of producers, manufacturers, dealers and 
consumers, listing all products, from the raw material 
to the finished article, together with the concerns hand- 
ling these products, from the producer to the consumer. 
There are 2209 pages of text matter and the index to 
trade classifications numbers 151 pages, covering over 
50,000 trade references. The list of trade names, brands, 
titles of identification, ete., numbering 1212 pages, fur- 
nishes ready reference to distinctive products manufac- 
tured by concerns listed in the work. The alphabetical 
section is included for the first time and contains in one 
alphabetical list the name, trade description and address 
of every concern appearing in the book. 
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BULLETIN W-500, Pot Valve Pressure Pumps, has 
just been received from Worthington Pump and Ma- 
chinery Corporation, 115 Broadway, New York. 


LINK-BELT Electric Hoists, Book No. 246, was 
recently issued by Link-Belt Co., New York. 

Casings for Link-Belt silent chain drives are de- 
scribed and illustrated in Book No. 342 of that company. 


THE LATEST NUMBER of the Esterline Graphic, 
published by The Esterline Co., Indianapolis, Ind., en- 
titled Electrical Surveys of Industrial Plants, explains 
the meaning of an electrical survey and tells how it 
is made. 


STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC. 
required by the Act of Congress of August 24, 1912, of Power 
Plant Engineering, published Semi-Monthly at Chicago, Il., for 
October 1, 1917. 
State of Illinois 
County of Cook sa 

Before me, a Notary Public in and for the State and county 
aforesaid, personally appeared Chas. Sanford Clarke, who, hav- 
ing been duly sworn according to law, deposes and says that he 
is the Secretary of Power Plant Engineering, and that the fol- 
lowing is, to the best of his knowledge and belief, a true state- 
ment of the ownership, management (and if a daily paper, the 
circulation), etce., of the aforesaid publication for the date 
shown in the above caption, required by the Act of August 24, 
1912, embodied in section 443, Postal Laws and Regulations, 
printed on the reverse side of this form, to wit: 

1. That the names and addresses of the publisher, editor, 
managing editor, and business managers are: 

Name of— Post-Office Address— 
Publisher, Technical Publishing Co., 537 S. Dearborn St. 

Editor, Arthur L. Rice, 537 S. Dearborn St. 
Managing Editor, Arthur L. Rice, 537 S. Dearborn St. 
Business Manager, E. R. Shaw, 537°S. Dearborn St. 

2. That the owners are: (Give names and addresses of 
individual owners, or, if a corporation, give its name and the 
names and addresses of stockholders owning or holding 1 per 
cent or more of the total amount of stock.) 

E. R. Shaw, 537 S. Dearborn St. 

Arthur L. Rice, 537 8. Dearborn St. 

Chas. S. Clarke, 537 S. Dearborn St. 

C. B. Leech, 1472 W. Clifton Blvd., Cleveland, Ohio. 

3. That the known bondholders, mortgagees, and other 
security holders owning or holding 1 per cent or more of total 
amount of bonds, mortgages, or other securities are: (If there 
are none, so state.) : 

There are none. 

4. That the two paragraphs next above, giving the names 
of the owners, stockholders, and security holders, if any, contain 
not only the list of stockholders and security holders as they 
appear upon the books of the company, but also, in cases where 
the stockholder or security holder appears upon the books of 
the company as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee is 
acting, is given; also that the said two paragraphs contain 
statements embracing affiant’s full knowledge and belief as to 
the circumstances and conditions under which stockholders and 
security holders who do not appear upon the books of the com- 
pany as trustees, hold stock and securities in a capacity other 
than that of a bona fide owner; and this affiant has no reason 
to believe that any other persons, association, or corporation has 
any interest direct or indirect in the said stock, bonds, or other 
securities than as so stated by him. 

5. That the average number of copies of each issue of 
this publication sold or distributed, through the mails or other- 
wise, to paid subscribers during the six months preceding the 
GBih ROW BU0UD Wc 5s se eces cence 

(This information is required from daily publications only.) 

Chas. Sanford Clarke, See’y. 

Sworn to and subscribed before me this 22nd day of Sep- 
tember, 1917. Warren A. Lathrop, Notary Public. 
(SEAL) (My commission expires October, 1918.) 

NOTE.—This statement must be made in duplicate and 
both copies delivered by the publisher to the postmaster, who 
shall send one copy to the Third Assistant Postmaster General 
(Division of Classification), Washington, D. C., and retain the 
other in the files of the post office. The publisher must publish 
a copy of this statement in the second issue printed next after 
its filing. 
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Trade-mark, Reg. U. S. 
SEMI-MONTHLY 
PUBLISHED ON THE FIRST AND FIFTEENTH oF EacH MONTH 


Subscription price in advance in the United States, 
Mexico or united possessions, $1.00 a year. 
In Canada, subscription price, $1.75 a year. 
Foreign Countries, subscription price, $2.50 a year. 


Address all letters and make all checks and money orders 
payable to Technical Publishing Co., 537 S. Dearborn St., 
Chicago, II. 


Any advertiser is invited to examine our paid subscription 
lists and Post Office mailing receipts at any time. 


ADVERTISING RATES 
Display 


Full page, one year, each insertion, $66.00. 

Half page, one year, each insertion, $38.50. 

Quarter page,.one year, each insertion, $22.00. 

Eighth page, one year, each insertion, $13.25. 

Front cover, $175.00 per issue. 

Other specified positions, regular rate plus 10 to 50 
per cent. 

Stippled plates used, but no heavy, black and white 
plates. 


Classified Rates 


Per line, 30 cents each insertion. 

Advertisements in this section are inserted under 
regular headings. 

No display type allowed, but the first three words 
may be set in capital letters. 

About nine words make a line. Minimum space sold, 
two lines. 

Under classification ‘‘Position Wanted,’’ advertise- 
ments not exceeding four lines will be inserted once for 
subscribers free of charge. 


All copy should be received at Chicago office 18 days 
before date of publication. 


Circulation of this issue, 22,000. 
Technical Publishing Co. 


537 S. Dearborn Street 
Chicago 





Position Wanted 





POSITION WANTED—By engineer with 11 years’ expe- 
rience in 325 hp. plant. Married. Steady and sober. Would 
like to get day work in Illinois. Address Box 497, Power 
Plant Engineering, 537 S. Dearborn St., Chicago, Ill. 11-1-17 
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POSITION WANTED—By young man as oiler in large 
central station, with 7 years’ experience with Corliss engines 
up to 400 hp., d.c. generator. I. C. S. graduate on complete 
Steam Engineering. Age 27. Married. Best of reference. 
Will go any place. Address Box 493, Power Plant Engineer- 
ing, 537 S. Dearborn St., Chicago, III. 10-1-2 


POSITION WANTED—As helper or oiler in small or 
large plant. Will come at once. Sober and industrious. 
Will consider reasonable salary. Address Box 494, Power 
Plant Engineering, 537 S. Dearborn St., Chicago, II. 10-1-2 
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WANTED—Agents handling engine and boiler room spe- 
cialties in every section for side line paying large commis- 
sions. Give experience, line carried and territory covered. 
Box 381, Power Plant Engineering, 537 S. Dearborn St., Chi- 


cago, Ill. 


WANTED—Marine boilers. We will pay cash awards for 
information that leads to a purchase by us of marine boilers 
of from 75 hp. to 250 hp. The Pittsburg Boiler & Machine 
Co., Pittsburg, Kan. tf. 











POSITION WANTED—By young man as oiler or assist- 
ant engineer in or around Chicago, with chance of advance- 
ment. Eight years’ experience; ready to start work at a 
week’s notice; references. Address Box 492, Power Plant 
Engineering, 537 S. Dearborn St., Chicago, Ill. 10-1-2 


POSITION WANTED—By steamfitter with 17 years’ 
experience at the trade. Can furnish references as to habits 
and ability to handle men. I am 33 years old. Married. 
Address J. H. D., 669 Wunderlick St., Barberton, O. 10-15-1 


POSITION WANTED—By practical engineer of 15 years’ 
experience. Am familiar with a.c. and d.c. generators and 
motors, also refrigerating machinery. Am 38 years old, mar- 
ried and strictly sober. Good references. E. W. Jones, Genl. 
Del.. Metropolis, Ill. 9-15-2 

POSITION WANTED—Will represent some engineering 
firm in Mexico or take a position as chief engineer. Can 
operate electric, ice or power plant. Can speak, read and 
write Spanish. Am practical and progressive engineer. Will 
consider only well rated concern. Am colored. C. D. Bas- 
sett, Engineer, 183 N. Wabash Ave., Chicago, III. 9-15-2 


POSITION WANTED—By young man as engineer in 
power plant. Seven years’ experience in gas works and small 
central station operating. A-l references. Present salary 
$1,300. Married. Age 25. Address Box 490, Power Plant 
Engineering, 537 S. Dearborn St., Chicago, III. 9-15-2 


POSITION WANTED—As chief engineer by middle-aged 
man, with 20 years’ experience; famliiar with a.c. and d.c. 
generators and motors; also absorption refrigerating machin- 

















ery and steam heating. Married and strictly sober. Present 
salary $1500. In present position 7 years. Desire change. 
Good reference. A. J. Marshall, Plainfield, Ind. 10-15-1 


For Sale 





FOR SALE—250-volt, direct-connected units. 100-kw. G.E. 
with Ridgway engine, $2200; 75-kw. G.E., 3-wire, with Buck- 
eye engine, $2000; 50-kw. Allis with Harrisburg, $1200; - 
30-kw. G.E. with Harrisburg, $900. Power Machinery Ex- 
change, Jersey City, N. J. 





FOR SALE—One (1) 200-horsepower “Gary” water tube 
boiler of the “Heine” type. Immediate delivery is assured. 
The Dayton Arcade Co., Dayton, Ohio, 11-1-1 








Patent and Patent Attorneys 





PATENTS THAT PROTECT AND PAY— 
Advice and books free. High references. Best results. 
Promptness assured. Send sketch or model for search. 
WATSON E. COLEMAN, Patent Lawyer, 624 F St., N. W., 
Washington, D. C. tf. 





PATENTS—C. L. Parker, Attorney-at-Law and Solicitor 
Patents secured promptly and with special 


of Patents. 1 t L 
regard to the legal protection of the invention. Handbook 
for inventors sent upon request. Washington, D. C. tf. 





PATENTS—H. W. T. Jenner, Patent Attorney and Me- 
chanical Expert, 606 F St., Washington, D. C. Established 
1883. I make a free examination and report if a patent can 
be had and the exact costs. Send for full information. tf. 





_ POSITION WANTED—As engineer or oiler in power or 
ice plant. Have had 15 years’ experience. Fred J. Waite, 
659 Douglas Ave., Aurora, IIl. 10-15-1 

POSITION WANTED—By a licensed operating engineer 
with 5 years’ experience. At present employed, but would 
like to make a change and locate in or near Philadelphia. 
Will consider position as operating or chief engineer at $150 





per month. Can furnish best of references from present 
employer. Address Horace D. Ferrell, Box 501, Marcus 
Hook, Pa. 10-15-1 





POSITION WANTED—Chief engineer desires change of 
location. Competent to handle large plant. Experienced 
with a.c. and d.c. machinery, irrigating machinery, ammonia 
compressors (practical ice-maker), gas engines and air com- 
pressors. Can install and do repairs. Not liable to conscrip- 
tion. Address Box 495, Power Plant Engineering, 537 S. 
Dearborn St., Chicago, III. 10-15-1 








Help Wanted 


WANTED—Resident subscription agents in the following 
cities: Atlanta, Ga.; Cincinnati and Columbus, Ohio; Kansas 
City, Mo.; Los Angeles, Cal.; Louisville, Ky.; Newark, N. J.; 
New Orleans, La.; Portland, Ore.; St. Louis, Mo.; San Fran- 
cisco, Cal.; Washington, D. C. This is an excellent chance 
for a hustler, who is familiar with power plant conditions, to 
turn his spare time into dollars. To such a one we offer a 
Real Opportunity. Write Subscription Department, Power 
Plant Engineering, 537 S.. Dearborn St.. Chicago, III. tf. 

WANTED—For immediate service two (2) experienced 
salesmen, thoroughly familiar with high-grade centrifugal and 
direct-acting pumps; one for New England and one for 
Philadelphia. Address Box 496, Power Plant Engineering, 
537_S. Dearborn St.. Chicago. Ill. 


Wanted 


WANTED—Agents on commission to sell our shaking 
grates. We will install grates on trial or put it to test at 
our expense with any grate made. Address Armstrong Mfg. 
Co., Springfield, Ohio. tf. 

















A. P. CONNOR, Consulting Electrical and Mechanical 
Engineer, Attorney-at-Law and Solicitor of patents and 
Trade-Marks. Results guaranteed. 121 Carroll St., S. E., 
Washington, D. C. tf. 





PATENTS —Send sketch for free search and reports. 
Books on patents and book of reference letters sent free. 
John S. Duffie & Co., 612 F St., Washington, D. C. tf. 


PATENTABLE IDEAS WANTED-—Send for three free 
books. R. B. Owen, 28 Owen Bldg., Washington, D. C. af, 


INVESTORS, ATTENTION!—Practical patents devel- 
oped—financed—promoted—for our members. Write for de- 
tails. Inventors Co-operative Bureau, Lankershim Bldg., Los 


Angeles, Cal. tf 


. ADVICE ON PATENTABLE IDEAS—Confidential elec- 
trical and mechanical information furnished to investors at 
low rates by expert engineers. We send on receipt of your 
inquiry our guarantee giving absolute protection of your 
ideas. Investigate our offer. Sandborn & McKaig, Engi- 
neers, 172 W. 86th St., New York City. 11-1-2 

















Technical Books 





FREE ENGINEER BOOKS and power plant tools and 
specialties, for securing new subscribers for Power Plant 
Engineering. A dandy chance for the engineer with a little 
spare time to gete some fine premiums. Send for free descrip- 
tive circular and terms. Subscription Department, Power 
Plant Engineering, 537 S. Dearborn St., Chicago, Ill. 








Miscellaneous 





ENGINEERS, DO YOU WANT to utilize’ your exhaust 
steam for heating or drying purposes with back pressure 
on your engine? If so, address ‘Monash Engineering Co., 
1413 Jackson Blvd., Chicago, IIl. tf. 










POWER PLANT 
ENGINEERING November 1, 1917 
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The Influence of Repetition 










Repetition is unquestionably the greatest power on earth. Few are 
the inventions that can be traced to a spontaneous origin. The original 
idea may come like a flash out of darkness but modifications of this idea 
are always necessary. And then repeated efforts in experiments and tests 
are imperative in bringing the concrete object to its state of perfection. 









This is not only true in the world of invention, but in every line of 
honest endeavor. The child in its infancy learns to walk only after it 
has fallen repeatedly, but practice makes perfect—and so repetition 
teaches the very first lessons of life. The history of all great achieve- 
ments can be summed up in the word—Repetition. 









One but needs to look into the annals of history and of literary and 
scientific achievement to find written therein the Successes that would 
have been unrecorded failures had it not been for the dogged determina- 
tion of those closely associated with the idea. 








Strangely enough, the study of an idea has often uncovered new pos- 
sibilities until the prospects which were once considered narrow have 
widened to tremendous proportions. We think of wireless telegraphy in 
the realm of despatch, but how many among us thought of its marvelous 
powers in guiding manless water craft? 


In more than one instance, advertisers in POWER PLANT ENGI- 
NEERING, through the response to their publicity, have discovered new 
markets for their products—totally new fields which they never thought 
were open to them. . 


There are advertisers in this issue of POWER PLANT ENGINEER- 
ING who began with small space. Their repeated efforts brought the 
desired results and now they are carrying full page space in every issue. 
























The power of repetition is just as potent in the life of the student and 
employe. It is only by repeated effort they. master their most difficult 
problems. 









The moral of this little essay is simply this:—Whatever your line of 
endeavor, if it is legitimate and interesting—just keep on keeping on. 












